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Introduction. 

The history of the oyster in every country of its occurrence shows that at 
some time or other the supply has fallen short of the requirements demanded by 
commerce, and always scientific aid has been sought in an endeavour to account 
for the depletion, and if possible to provide means for ensuring that a similar 
shortage might be avoided in the future. Naturally, the propagation of the 
oyster, involving the study of its life history from the fertilization of the egg 
till the larval oyster attaches as a spat, when it comes under the control of the 
cultivator, has on this account received extensive study. Embryological oyster 
research had its origin in France, where very serious shortages occurred about 
the middle of last century, at a time when science itself had made sufficient 
progress to enable the problems attendant on such a subject to be investigated 
with some degree of accuracy. Ever since that time the life history of the 
oyster has been the object of specialized study by a large number of zoologists, 
and a considerable amount of literature on the subject has accumulated. Mention 
will be made here of a few only of the more important discoveries. 

In 1852 the most notable advance up to that time was made by Davaine, 
who found that the oyster of northern Europe (Ostrea edulis) was hermaphrodite, 
being alternately male and female. In 1858 Coste made the first attempt to 
develop oysters by artificial means, but his efforts proved to be entirely negative, 
for the embryonic and early larval stages are passed in the mantle cavity of the 
parent, and the artificial fertilization of the egg is rarely, if ever, successful. 
It was demonstrated, however, by Bouchon-Brandely (1882) that the small 
Portuguese oyster, O. (Gryphaea) angulata, was dioecious, and that fertilization 
readily occurred when the eggs from the female and the sperms from the male 
were artificially extracted from the parents and intermingled in sea water. 

In addition to these workers, there have been many others who have assisted 
in the elucidation of the problems connected with the embryology of the Huropean 
species. Amongst these may be mentioned Lacaze-Duthiers (1854), Van Beneden 
(1855), Möbius (1871, 1877), Horst (1882, 1884), Huxley (1883) and Hoek (1883). 

The period 1883 to 1921 was one of little activity, but in the latter year 
Orton began a series of researches which have elucidated many of the problems 
unsolved by earlier workers. Notable, too, is the work of Sparck (1925). 

It was not till 1879 that American scientists began to display an interest in 
the life history of the American species (O. virginica). In that year Brooks 
began a detailed study of the embryology of the oyster. It was he who first showed 
that this species was dioecious, the eggs and sperms being ejected direct into 
the water, where fertilization takes place, and the free-swimming stages of 
development are undergone before the larva attaches itself and becomes a spat. 


* This is the common commercial oyster of Australia for which the specific name 
O. cucullata has usually been adopted (see page 278). 
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Brooks has been followed by a long line of distinguished investigators, of 
whom mention may be made of Ryder (1881), Rice (1883), Winslow (1884), 
Jackson (1888), J. Nelson (1888-1917), and more recently by T. C. Nelson (1916- 
1932), Churchill (1919), Wells (1920), Prytherch (1923), Galtsoff (1930); and 
in Canada, by Stafford (1905-1917). 

Stafford’s researches are notable for their comprehensiveness, and his discovery 
(1907) that the free-swimming period extends from three to four weeks in 
Canadian waters was not suspected by most earlier workers. But previous 
investigators had invariably tried to develop the young oysters through the 
free-swimming period from artificially fertilized eggs, and endeavoured to deduce 
the complete length of larval life from the time taken to reach the stage when 
their cultivated larvae died. Stafford, however, by means of a plankton net towed 
over the beds daily, was able to follow the development of the larvae under natural 
conditions and watch the daily growth-rate till they settled down as spat. Having 
obtained the larvae in every stage of growth, Stafford was afforded an opportunity 
of studying their structure and movements at ages and sizes previously 
unrecognized. Amongst other discoveries he found (1905) that in its later larval 
life the oyster develops a foot by means of which it can crawl about quite 
vigorously; he also identified a byssus gland at the base of the foot, and reasoning 
by analogy with the function of such glands in other Lamellibranchs, he came to 
the conclusion that in the oyster it produced the material which cemented the 
shell to an object when the larva attached itseif to become a spat. This was 
shown by T. C. Nelson (1924) to be a correct deduction; he actually saw larvae 
settle down on glass with the left shell valve held in contact with the substratum 
by the foot while the secretion from the byssus gland was distributed by means 
of the protruded mantle. 

J. Nelson, in New Jersey, studied the daily growth-rate of normally occurring 
larvae by filtering the water from the oyster beds. He found (1908) that the free- 
swimming stage varied from two to three weeks according to the temperature. 
Later (1915) he determined that at ordinary summer temperatures an interval 
of from 13 to 16 days elapsed between the fertilization of the egg and the 
subsequent attachment as spat. This has been confirmed many times by more 
recent workers. 

It has been the aim of practically every American investigator to raise spat 
from artificially fertilized eggs, and several had announced that this had been 
accomplished. The size to which they had developed their larve showed, as 
Stafford points out, that in no instance had development proceeded far enough 
to enable fixation to take place. The great trouble experienced by all workers 
was filtration. A means had yet to be devised whereby a continuous flow of water 
would be permitted without losing the microscopic larvae. It remained for Wells 
(1920) to accomplish this feat. He was able, by concentrating the larvae at 
intervals in a small amount of water, by means of a milk separator, and then 
transferring them to fresh sea water, to carry large numbers of larvae through to 
the setting stage. In 1920 a thousand spat were obtained; in 1923, by improve- 
ments in the technique, ten thousand spat were produced; in 1925 a total of a 
hundred thousand spat was reached; and during 1926 a million larvae success- 
fully set as spat. 

Prytherch also, in 1923, succeeded in raising spat by artificial propagation. 
He found that the problem of filtration was solved to a great extent by the use of 
anew material known as “filtros”, a white, rigid, porous, artificial stone, composed 
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essentially of silica, and similar to a sand filter in block form. The various 
grades of porosity in which this material is made rendered it possible to retain 
organisms of any definite size and still allow a good flow of water. For the 
retention of the embryos a combination filter of loose, fine sand and filtros was 
used until the embryo oysters had reached the shell stage; from that time on the 
larvae were held in by the filtros blocks of various grades, which were changed to 
suit the growth and size of the forms, and when the larvae were ien days old, 
or older, they were held in by means of fine monel metal screens, which permitted 
an unusually good flow of water. By this means large numbers of spat were 
developed in from fifteen to twenty days from oysters which spawned naturally 
on trays suspended just beneath the surface of the water. 

The increasing success achieved by these experiments leads to the expectation 
that eventually the artificial propagation of oysters may be carried out on a large 
scale commercially, thereby eliminating the costly uncertainty which up to the 
present has always attended the spatting season. Moreover, it is hoped that, by 
selective breeding, the quality, shape and size of the oysters may be considerably 
improved. 

Of recent years considerable attention has been given to the oyster by 
Japanese workers and much light has been thrown on the embryology of several 
species occurring in Japanese waters, particularly on that of the common com- 
mercial oyster, O. gigas. Prominent amongst these workers are Hori and Kusakabe 
(1926), Amemiya (1928), and Seno (1929). 

The Indian oyster (O. cucullata) received practically no attention until 1931, 
when Awati and Rai published much valuable information on its structure and 
breeding habits. 

The world’s oysters may be divided into two main types: 1, those which 
retain the embryos and larvae for a considerable time in the mantle cavity of the 
parent, later ejecting the shelled larvae into the water where their larval develop- 
ment is completed (larviparous type); and 2, those which spawn direct into 
the water, where the fertilization of the egg is accomplished and where the whole 
of the larval life is spent till attachment takes place (oviparous type). Examples 
of larviparous oysters are O. edulis of Europe; O. lurida of the Pacific coast of 
America; O. denselamellosa of Japan; O. angasi of southern Australia and 
Tasmania; and O. lutaria of the South Island of New Zealand. Examples of 
oviparous oysters are O. angulata of Portugal (which has largely replaced the 
indigenous O. edulis on the beds of France); O. virginica of the Atlantic coast 
of America; O. gigas of Japan; O. cucullata of India; and O. commercialis of 
Australia. 

As long ago as 1852 it was shown that the larviparous European oyster 
(O. edulis) was hermaphrodite, inasmuch as its sex was not constant, but 
definitely changed at least from female to male. It has been shown by more 
recent workers (Orton, Sparck) that during the course of its life, O. edulis under- 
goes a series of sex changes, beginning as a male and alternating as male and 
female throughout life, and described by Spärck as an alternating protandic 
hermaphrodite. . 

In the case of the oviparous type, Brooks (1879) found that the oviparous 
O. virginica was unisexual, each oyster remaining a male or female throughout 
life. And since that date all oviparous oysters have been regarded as unisexual. 
Kellogg, however, in 1890, recorded an individual of O. virginica whose gonad 
contained both ova and sperms, and Amemiya in 1925 described three hermaphro- 
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dite individuals of the oviparous Portuguese oyster (O. angulata). In 1928, the 
writer recorded nine hermaphrodite individuals in O. commercialis (cucullata), 
and was able to show for the first time that a sex-change occurs in this oviparous 
species. Later in the same year Amemiya recorded cases of abnormal hermaphro- 
ditism in the oviparous Japanese oyster (0. gigas), and the following year (1929) 
showed that a sex-change occurs in this species also. Early in 1931 Awuti and 
Rai recorded a sex-change amongst numbers of the Indian oviparous species 
(O. cucullata). 

Thus, during three years, three species of oviparous oysters, long regarded 
as unisexual, have been shown to have a sex-change. But what of the other 
oviparous species? The recorded occurrence of a hermaphrodite individual of 
0O. virginica, and of three individuals of O. angulata, raises the question whether 
these species may not also change their sex. Further research may yet disclose 
that no species of the genus Ostrea is unisexual. 

It has been customary to regard the larviparous oysters as monoecious, and 
the oviparous as dioecious, but in the light of recent research these terms are no 
longer tenable, and it will save confusion if the terms “monoecious” and “dioecious” 
are avoided. 

In Australia the study of the life history of the oyster has received scant 
attention. Tenison-Woods (1883) stated that the sexes are divided and the eggs 
are probably discharged into the water where they may easily meet with male 
cells. By mixing “the male and female fluid” it was found that fertilization of 
the ova readily occurred. 

Later, in 1888, Tenison-Woods appears to have altered his views concerning 
the discharge of the sexual products into the water, and stated that “young 
oysters are reared in the gill-chambers of the mother, in the case of the Australian 
oyster, O. mordax”. It seems probable that Tenison-Woods was confused in his 
species, for the taxonomy of the New South Wales species was at that time very 
unstable. In the first instance he was apparently dealing with the oviparous 
O. commercialis, and in the second with the larviparous O. angasi, both of which 
were then plentiful in the neighbourhood of Sydney. 

Tenison-Woods believed that when expelled from the parent, the young were 
sufficiently developed to be able to affix themselves as spat. He also stated that 
the veliger stage possessed a ring of cilia and in the centre a long flagellum. He 
was obviously unable to distinguish oyster larvae from those of other bivalves, 
for at no period of its development does the oyster larva possess a flagellum, 
though one is present in mussel larvae and forms a provisional byssus. 

Altogether, Tenison-Woods’ observations were quite confusing and threw 
little real light on the subject. 

The work of Saville-Kent (1890), although it erred in a number of particulars, 
contained much of value. He stated that in the case of O. glomerata (commer- 
cialis) fertilization takes place in the water, “the young embryos . . . being 
thrown upon their own resources from the earliest period of their existence”, 
while the embryos of O. angasi are retained within the mantle cavity of the 
parent, as are also those of the oyster of the south of New Zealand, which he 
regarded as a local variety of O. angasi. Saville-Kent described the embryonic 
development of O. commercialis as far as the complete envelopment of the 
embryo by the shells, but erroneously assumed and actually illustrated their 
attachment at that stage as spat, stating that the length of larval life occupied, 
under favourable conditions, four days. His figure 21 shows the “earliest observed 
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attached condition of the oyster embryos or “spat”, attained to within the fourth 
or fifth days succeeding the primary fertilization of the ovum; magnified about 
50 diameters”. These so-called “spat” are shown 45 mm. wide; they represent, 
therefore, individuals 0-09 mm. wide, or between one-third and one-fourth the 
size of fully developed larvae or the earliest attached spat. Actually, they are 
young shelled larvae of the straight-hinge stage, quite incapable of attachment. 

Such, then, was the state of our knowledge of the life history of the Australian 
oyster till the writer published a popular description in the Australian Museum 
Magazine in 1925. 

The present researches have been carried on intermittently since 1924. It is 
hoped that opportunity will allow of their continuance, for much remains to be 
done, and a particularly interesting problem awaits solution in the working out 
of details of the sex-change. It is clearly shown that a change from male to 
female occurs in the majority of oysters, but it is not known whether all of the 
oysters change their sex, or whether any of them change from female to male. 
I hope to have the opportunity of studying that problem in the near future. 


The oyster with which this paper deals is the Australian edible oyster of 
commerce. It appears to be confined to the eastern Australian coast, its range 
extending from the far North Queensland coast to as far south as Wingan Inlet 
in Victoria. In Queensland, the principal source of supply is in Moreton Bay, 
where large quantities are grown and matured for market. Prolific crops occur 
in Port Curtis and Sandy Bay, but they rarely thrive there owing mainly to a 
too high salinity. Considerable quantities are transferred to Moreton Bay, how- 
ever, where growth becomes much more rapid. 

This oyster thrives best in those estuaries and rivers flowing to the east coast 
of New South Wales which are fed by an abundance of fresh water from their 
sources. The optimum water density lies between 1-015 and 1-020. 

From New South Wales, where its cultivation is an important industry, 
considerable quantities are exported to Victoria, South Australia and Western 
Australia, its splendid keeping qualities allowing long distances to be travelled 
without deterioration. 

In Victoria, it occurs only in one or two rivers, principally Wingan Inlet, 
on the extreme east, but there is no industry engaged in its cultivation in that 
State. 

The only other Australian oyster which enters into commerce is the larviparous 
O. angasi, which resembles very closely the European O. edulis and the Japanese 
O. denselamellosa. Small quantities only are marketed from the waters of 
Victoria, South Australia and Tasmania. 


The External Appearance of the Gonad. 

Externally the gonad, when well developed, appears as an enormous cream- 
coloured organ extending from the anterior extremity of the animal, in close 
proximity to the hinge, back as far as the pericardium. If the mantle is cut 
away below the adductor muscle the gonad will be seen to continue along the oral 
process to about two-thirds of its length. It is on the lateral walls of the oral 
process that the gonoducts reach the exterior (PI. x, fig. 1); they open into 
slit-like depressions, one on each side. The same depressions serve as outlets 
for the kidneys (organs of Bojanus), and they may therefore be designated 
urino-genital clefts. 
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In O. commercialis the cleft of the left side is situated a little behind the 
anterior wall of the adductor muscle (Text-fig. 1, w.g.c.); it lies in the middle 
line, or a little above the middle line, of the oral process and crosses it almost 
transversely, the dorsal edge being a little posterior to the ventral. On the right 
side it is situated a little farther forward, and lies immediately beneath the peri- 
cardium and in close proximity to the adductor muscle; on this side, also, it 
crosses the long axis of the oral process transversely. 

The disposition of the urino-genital cleft in this oyster varies somewhat from 
that of O. edulis. An examination of several individuals of this species, sent to 
me by Professor J. H. Orton, of the Liverpool University, shows that the urino- 
genital cleft opens longitudinally on the oral process on both sides in close 
apposition with the adductor muscle (Text-fig. 1, A, B, w.g.c.). 
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Text-fig. 1.—The situations of the urino-genital clefts of O. edulis and 
O. commercialis compared. A. O. edulis, left side; B. O. edulis, right side; 
C. O. commercialis, left side; D. O. commercialis, right side. a.m., adductor 
muscle; o.p., oral process; p., pericardium; u.g.c., urino-genital cleft. 

Text-fig. 2.—Spermatozoon of Ostrea commercialis. x 1,500. 


The gonoduct, as it extends forward on each side, immediately begins to 
give off branches which coalesce and extend in all directions just beneath the 
surface. In most ripe gonads these can be plainly seen; in some (PI. x, fig. 2) 
they are very prominent, but occasionally an individual will be found with a 
well developed gonad in which the ducts beneath the surface are practically 
indistinguishable (P1. x, fig. 3). Such a uniform gonad is frequently indicative 
of maleness, and one with prominent ducts will usually be found to be an ovary, 
but the sex cannot be judged with certainty by this means, for I have occasionally 
seen males with extremely prominent ducts. 

The gonads of the oyster are usually described as consisting of two in number, 
one on each side, but so extensively do the ducts from one side coalesce with 
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those from the other side along the dorsal and anterior surfaces, and also the 
follicles internally, that it is impossible to regard them as two entirely separate 
organs. The disposition of the ducts shows that the bulk of the sexual products 
produced on the left side find their way to the urino-genital cleft on that side, and 
similarly with the right side, but it would be quite impossible to say through 
which opening the genital products which are matured along the dorsal and 
anterior regions of the gonad would emerge. 

When the oyster begins to spawn the anterior region of the gonad is usually 
the first to be drained (PI. xi, fig. 4). After a partial spawning (PI. xi, fig. 5) 
the gonad appears as a very irregular mass; areas on each side may be completely 
depleted, and others may retain the sexual products intact. If the spawning is 
complete, the organs which were formerly obscured by the gonad, such as the 
digestive diverticula and the intestine, become clearly distinguished through the 
thin layer of vesicular connective tissue which covers them. 


The Relationship of the Gonad with other Internal Organs. 

The gonad is frequently spoken of as completely surrounding the digestive 
organs; careful dissection, however, shows that this is not strictly correct, for 
in the region where the digestive diverticula abut on the labial palps and gills 
the gonad terminates on each side at the point of attachment of the mantles. 
The relationship of the gonad to the organs which it partially encloses can be 
studied quite effectively by slicing off with a razor sections about an eighth of 
an inch thick, beginning at the anterior extremity and working backwards to 
the termination of the oral process (PI. xii, fig. 6). Examined with the aid of 
a binocular microscope with a magnification of about 20 diameters, the disposition 
of the principal organs can be clearly distinguished. 

In the region nearest the hinge the gonads of the right and left sides are 
confluent and appear as a homogeneous mass enclosed by a layer of vesicular 
connective tissue which shows as a whitish band beneath the external epithelium. 

In the region of the mouth, the digestive diverticula make their appearance 
above the mouth, but are separated from it by a horizontal layer of the gonad. 
Toward the anterior end of the oesophagus the digestive diverticula completely 
surround it, and are themselves surrounded by the gonad above and on the sides; 
the gonad, however, does not extend ventrally into the area between the oesophagus 
and the labial palps. Towards the posterior extremity of the oesophagus, the 
digestive diverticula no longer completely surround it; they are absent from the 
dorso-lateral region on the left side. Here the gonad is separated from the 
oesophagus by vesicular connective tissue only. Ventrally, the gonad on each side 
terminates at the origin of the mantles, a large area of digestive diverticula 
separating the gonads of the right and left sides, and lying in intimate contact 
with the dorsal margins of the palps. 

In a vertical plane above the anterior extremities of the gills, the digestive 
diverticula are confined to the right side and to the horizontal area above the 
gills. The gonad on the left side extends inwards almost to the oesophagus, 
from which it is separated by a layer of vesicular connective tissue; it forms a 
solid mass dorsally, and lies external to the digestive diverticula on the right side. 
On the left side, and to a less extent on the right side, the gonad now begins to 
invade the horizontal area above the gills. 

In the region of the stomach the digestive diverticula occur in a dense mass 
on the right side and below the stomach; on the left side they occur in islands 
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bounded by vesicular connective tissue. Here the gonad still further penetrates 
the area above the gills on both right and left sides. 

Towards the posterior region of the stomach, the digestive diverticula do not 
lie in such close apposition with the stomach wall, but are separated from it by a 
layer of vesicular connective tissue which shows as a prominent band: they 
enclose the stomach everywhere except dorsally. The gonad now almost completely 
surrounds the digestive diverticula; the inwardly extending areas above the gills, 
however, have not yet joined above the two inner hemibranchs. 

Soon after the mid-gut leaves the stomach the digestive diverticula no longer 
appear on the right side of the gut; they and the mid-gut are completely 
surrounded by the gonad, the area above the gills now consisting of a continuous 
mass of gonadial tissue. Within a short distance the digestive diverticula terminate 
on the left side, and the gonad then forms a compact mass surrounding the mid- 
gut and the returning loop of the intestine, and separated from them by a rela- 
tively narrow area of vesicular connective tissue. 

In the oral process, the mid-gut and returning intestine lie in the same 
horizontal plane and in close apposition on the right side. In QO. edulis the 
mid-gut lies above the returning loop of the intestine. The gonad on the left 
side continues farther along the oral process than on the right side, and a little 
distance beyond the urino-genital cleft. 

Such are the principal relationships of the gonad with the digestive organs. 
It is seen that it completely surrounds the digestive diverticula only in the 
region behind the stomach. It is traversed by numerous blood vessels, the dorsal 
vessel or anterior aorta showing prominently in all the sections cut anterior 
to the pericardium except those closest to the hinge, where it divides into three 
parts. Posteriorly, the anterior aorta lies in the centre of the mass of gonadial 
tissue situated above the mid-gut, and as it travels forward it works slightly 
to the left side, above the stomach and oesophagus. The posterior aorta becomes 
conspicuous in sections in front of the pericardium where it is seen to descend 
in close proximity to the mid-gut. 

The loop of the intestine anterior to the stomach lies usually immediately 
above the digestive diverticula, though occasionally it may traverse their upper- 
most offshoots; it lies in the median vertical plane or slightly on the right side 
until it begins to descend, when it crosses over to the left side and runs back- 
wards in close apposition with the ventro-lateral border of the digestive diverticula. 
It is embedded throughout its length in a layer of vesicular connective tissue. 
This disposition of the intestine differs from that of O. edulis; in that species 
the intestine, after leaving the oral process, crosses over to the left side and 
lies above and to the left of the stomach, the anterior loop descending vertically. 

The gonad when fully developed consists of anastomosing follicles with a 
series of ducts on the surface, which serve to convey the ripe eggs or sperms 
to the urino-genital cleft. In the very young oyster, in which the sexual products 
are beginning to develop for the first time, the gonad consists solely of a series 
of branching ducts which run in an antero-posterior direction; they lie very 
close to the surface. The study of the disposition of these ducts can only be 
done by a series of microscopic sections, and the description which follows has 
been drawn from such a series in an oyster about six months old, which was 
just beginning to produce sex cells. The sections were cut transversely, begin- 
ning at the hinge end and terminating at the posterior edge of the mantle. 
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In sections of the anterior extremity of the body, the ducts form a complete 
circle and are separated from the surface epithelium by a comparatively thick 
layer of vesicular connective tissue, which, much condensed in proximity to 
the external walls of the ducts, forms a continuous and fairly thick band external 
to them. The area enclosed by the ducts is composed of vesicular connective 
tissue only. In the region anterior to the mouth, above the dome-shaped anterior 
extremities of the palps, the digestive diverticula make their appearance. The 
ducts of the gonad surround them above and on the sides, but they do not 
extend into the vesicular tissue which separates the digestive diverticula from 
the mantle cavity. 

In the plane where the mouth gives place to the oesophagus to form a hollow 
tube compressed dorso-ventrally (Pl. xii, fig. 7), the digestive diverticula lie in a 
compact mass in the region above the oesophagus, which is separated from them 
by a thick layer of vesicular connective tissue. The ducts of the gonad do not 
penetrate this layer, but terminate on each side above the attachment of the right 
and left mantles, which in this region are confluent and form a sort of hood over 
the palps. 

As the oesophagus proceeds backwards and upwards it shortly enters the 
region of digestive diverticula, which then come to surround it on all sides. As 
the ducts of the gonad extend backwards, they gradually approach closer to the 
external epithelium, until, about half-way along the oesophagus, they are separated 
from it by a very thin layer of vesicular connective tissue which in places scarcely 
exists at all; the ducts are now lenticular or elliptical in cross section, with the 
long axis in some cases considerably produced. Their size varies greatly. 

In the plane above the posterior extremities of the palps, or the anterior 
extremities of the gills, which traverses the junction of the oesophagus and 
stomach, the relative positions of the various organs have undergone little 
alteration. The ducts of the gonad form a ring under the surface epithelium 
above and on the sides, and still terminate above the junction of the mantles or 
outer hemibranchs of the gills. A layer of vesicular tissue of irregular thickness 
separates them from the digestive diverticula, except on the left side, where in this 
region the digestive diverticula are absent. The ducts of the right and left sides 
are separated inferiorly by a thick layer of digestive diverticula which occupies 
the whole of the space between the stomach and the attachment of the gills. 

In a vertical plane which traverses the anterior portion of the stomach, the 
left kidney makes its appearance as a follicle situated above the junction of the 
mantle with the body. It is shaped like an elongated duct of the gonad and lies 
external to the lowermost of those ducts, between it and the external epithelium. 
Proceeding backwards, other follicles of the left kidney soon appear and extend 
inwards along the horizontal layer of vesicular tissue which occupies the region 
between the digestive diverticula and the gills. In the middle region of the 
stomach, the kidney follicles lie above the left mantle and the outer hemibranch 
of the left gill. As the follicles of the kidney extend inwards they are accompanied 
by the ducts of the gonad, which lie in the vesicular connective tissue between the 
follicles of the kidney and the digestive diverticula. The ducts of the gonad now 
vary very greatly in cross section; some are rounded in outline, while others are 
oval or very elongated. 

Toward the posterior extremity of the stomach, the ducts of the gonad begin 
to invade the vesicular tissue above the mantle and gills on the right side; they 
extend as far as the right outer hemibranch. On the left side they now extend as 
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far as the left inner hemibranch; they are closely followed by the follicles of the 
left kidney. 

The follicles of the right kidney appear above the right outer and inner 
hemibranchs of the gills in a vertical plane which traverses the anterior extremity 
of the mid-gut and style sac; a follicle also appears now on the right side slightly 
inferior to the right mantle on the dorso-lateral surface and external to the ducts 
of the gonad; it is quickly followed by branches which extend about half-way 
between the attachments of the right and left mantles dorsally and also on the 
right side between the surface epithelium and the ducts of the gonad. Back 
slightly farther they form an almost complete ring of follicles on the right side 
extending from the dorsal aorta, midway between the attachment of the right and 
left mantles dorsally, to above the attachment of the right outer hemibranch. 
Dorsally, also, the ducts of the gonad curve inwards on both sides to lie below 
the dorsal aorta and the hind-gut as it approaches the pericardium. Here, the 
digestive diverticula occur only on the right and left sides of the mid-gut and style 
sac; they no longer surround them above and below. On the left side the follicles 
of the kidney now form a double layer. The ducts of the gonad continue to 
penetrate the vesicular connective tissue above the attachment of the gills, and in 
this region almost meet in the middle line. 

In the region where the sections cut through the front of the pericardium 
towards its dorsal aspect, a very different scene is presented. Dorsally we find 
the rectum bounded laterally by the dorsal extensions of the mantle; below the 
rectum lies the pericardium containing the ventricle. The follicles of the kidney 
fill up in several layers the greatly thickened right wall of the pericardium and 
extend below it in a single layer immediately below the surface epithelium to 
above the right inner hemibranch of the gills. On the left side the wall of the 
pericardium is extremely thin and no kidney follicles extend into it; they begin 
dorsally immediately beneath the attachment of the left wall of the pericardium 
to the oral process and extend down the lateral border of the oral process to above 
the left inner hemibranch of the gills; they are particularly numerous in the 
triangular area bounded on the left side by the surface epithelium, below by the 
mantle and the outer and inner hemibranchs, and in the right dorso-lateral 
region by the ducts of the gonad; they do not extend here into the dorsal region 
of the oral process, below the pericardium. The ducts of the gonad form an almost 
continuous layer along the dorsal surface of the oral process, below the 
epithelium lining the pericardium ventrally, and on each side of the oral process 
just internal to the kidney follicles. The mid-gut and style sac take up a consider- 
able space in the centre of the sections; they are surrounded on the right and 
left sides by digestive diverticula, which lie scattered in the vesicular connective 
tissue and partially surround the loop of the intestine returning from the oral 
process. 

This disposition of the various organs continues till about midway beneath 
the pericardium when the digestive diverticula no longer appear, the mid-gut and 
accompanying style sac then being separated from the ducts of the gonad by a 
thick layer of vesicular tissue only, except on the right side, which is traversed 
by the returning loop of the intestine. Here also the right wall of the pericardium 
contains but one extremely large kidney follicle; while on the left side a similar 
large follicle has developed in the triangular area described above. These follicles 
comprise what may be regarded as urinary chambers (right and left). 
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Below the posterior region of the pericardium and the auricles, the follicles of 
the kidney again extend from each side into the dorsal surface of the oral process, 
immediately beneath the pericardium, and are separated from the pericardium by 
a thin membrane; they no longer extend into the ventral surface of the oral process 
above the gills; they occur in greatest abundance and are largest in the right 
wall of the pericardium, while on the left side they comprise the bulk of the tissues 
between the style sac and the surface of the body bounded above by the pericardium 
and below by the mantle and the left outer hemibranch of the gills. The ducts 
of the gonad lie very close to the internal margins of the kidney follicles, and 
these, too, no longer extend into the area above the attachment of the gills. 

In sections cut through the posterior extremity of the pericardium, which 
is here reduced to a relatively small cavity below the adductor muscle, the kidney 
on the right side increases very greatly in extent; the urinary chamber now lies 
in two planes like a letter L, the vertical arm extending from the adductor musele 
dorsally to immediately above the branchial cavity ventrally; while the hori- 
zontal arm lies in the pericardium above the dorsal surface of the oral process, 
from which it is separated by a layer of large kidney follicles. The left kidney 
is here much smaller; the urinary chamber, irregularly oval in shape, with the long 
axis vertical, lies in close apposition with the left wall of the oral process, while 
follicles extend from its dorsal surface along the upper wall of the oral process 
to meet those of the right kidney. Externally it is bounded by kidney follicles 
which separate it from the surface epithelium above the attachment of the left 
mantle, The ducts of the gonad are now small and few in number; they lie beneath 
the dorsal surface of the oral process and extend on each side to the branchial 
cavity. 

It is in this region that the gonoduct of the right side opens into the urino- 
genital cleft (Pl. xiii, fig. 8, w.g.c.). The duct lying nearest to the lateral wall of 
the oral process is much larger than the rest; as it approaches the urino-genital 
cleft it is crescent-shaped, the convex wall external and its surface strongly 
ciliated, particularly in the region nearest the branchial cavity, while the internal 
wall is lined by germinal epithelium and lies in close apposition with a prominent 
nerve, the right visceral nerve (7.v.n.). The gonoducts of both sides are surrounded 
by bands of sphincter muscle fibres immediately internal to the cleft, and are 
lined by ciliated epithelium. The gonoduct of the right side runs in a dorso-ventral 
direction; it is situated at the side of and slightly above the returning loop of the 
intestine, which lies very close to the right wall of the oral process, the mid-gut 
and style sac occupying the central area. 

Slightly farther back the urinary chamber empties, by means of a short 
canal, the ureter, into the urino-genital cleft. The ureter also runs in a dorso- 
ventral direction, and is simply a ventral extension of the urinary chamber. The 
ureter therefore opens slightly posterior to the gonoduct, and slightly to its right 
in a somewhat higher plane; it is lined by ciliated epithelium, the cilia being long 
and very numerous and filling up the lumen of the canal. The lower portion of 
the urinary chamber is also lined by strongly ciliated epithelium, and is surrounded 
by a narrow band of muscles which extends to the ureter and encloses it on all 
sides. The right visceral nerve, which lay in close contact with the genital duct, 
here lies internal to and below the wall of the ureter, while immediately external 
to the wall of the urinary chamber, a little above the ureter, lies the larger right 
branchial nerve (b.n.). 
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The gonoduct on the left side opens into the urino-genital cleft (PI. xiii, 
fig. 9, u.g.c.) slightly posterior to that of the right side; it crosses the median line 
of the oral process and, like that of the right side, extends in a dorso-ventral 
direction. Its internal surface is in close contact with the left visceral nerve 
(Lv.n.). 

A little farther back again the ureter opens downwards into the urino-genital 
cleft. The urinary chamber on the left side lies alongside the oral process, and 
not dorsal to it as on the right side. The urino-genital cleft is bounded internally 
by the epithelium of the oral process which is here ciliated, and externally by 
similar ciliated epithelium which is separated from that of the urinary 
chamber by a thin layer of connective tissue. As on the right side, the walls of 
the urinary chamber and ureter are surrounded by a thin band of muscle fibres. 
Immediately above the ureter the left visceral nerve runs in an antero-posterior 
direction. Ventrally the wall of the urinary chamber is traversed by the large left 
branchial nerve (0.n.) which causes a pronounced dilatation of the wall. The 
epithelium of the urinary chamber is lined by cilia which become very long and 
numerous in the vicinity of the ureter. 

The ducts of the gonad lying just beneath the dorsal surface of the oral 
process extend a little farther back than the openings of the gonoducts on each 
side, and terminate.at about the level of the ureter. 

In the plane of the left ureter the follicles of the kidney form a thick layer 
between the adductor muscle and the dorsal surface of the oral process along its 
whole length; on the right side they do not extend below this level: on the left 
side, however, they continue downwards on the side of the oral process as far as 
the opening of the ureter. 

Continuing posteriorly, the kidney follicles extend beyond the termination of 
the oral process to about the posterior surfaces of the visceral ganglia. 


The Development of the Gonad. 

In the very young oyster, in which the sexual products are developing for the 
first time, the layer of vesicular connective tissue surrounding the digestive 
diverticula is of very irregular thickness; in places the digestive diverticula may 
extend almost to the surface epithelium, while in others the intervening layer of 
vesicular tissue may be of considerable thickness, but nowhere does it attain the 
great depth characteristic of an older oyster which is about to develop sexual 
products at the beginning of the summer. In this young stage all oysters from 
which sections have been prepared were males, and it is, I think, very unlikely 
that the development of the eggs can be studied in an oyster of this species which 
has not previously developed spermatozoa. Just beneath the surface epithelium, 
and separated from it by a layer of vesicular tissue from one to three or four cells 
deep, the ducts of the gonad, mostly elongated in cross section and lenticular in 
shape but occasionally smaller and broadly oval, extend in a band round the oyster. 
These ducts are lined along their outer surfaces by ciliated epithelium, and along 
their inner surfaces by germinal epithelium which, in the youngest oysters of 
which I have prepared sections, is already giving rise to spermatogonia; these, 
however, have not yet begun to produce spermatocytes. Irregularly distributed 
amongst the small, flattened cells of the germinal epithelium are some, the 
spermatogonia, which have become relatively greatly swollen and contain a large 
nucleus with a great number of chromatin granules. These spermatogonia are 
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irregular in outline and variable in size, the largest being 14H in diameter and 
their nuclei 10x. 

In slightly older oysters proliferation of the spermatogonia into spermatocytes 
and development of the latter into spermatozoa can be clearly distinguished 
(Pl. xiv, figs. 10, 11). The primary spermatocytes, or spermatocytes of the first 
order (Pl. xiv, fig. 10, sp), form a layer immediately above the spermatogonia 
(spg.); they are rounded in shape and measure up to 6x4 in diameter; the nucleus 
occupies the bulk of the cell, and its chromatin granules, although numerous and 
deeply stained, are somewhat scattered, and give to the nucleus a general appear- 
ance of being lightly stained. Immediately above the primary spermatocytes, the 
secondary spermatocytes, or spermatocytes of the second order (sp?) lie in a 
somewhat deeper layer; these measure up to 3:54; the nucleus is large, and the 
chromatin more concentrated, hence they appear to be more deeply stained. Above 
the secondary spermatocytes, and almost completely filling the lumen of the duct, 
are the spermatids and spermatozoa (s.). The heads of the latter measure 1-54 in 
diameter (in sections), and their chromatin, now extremely concentrated, stains 
very deeply. The tails lie in bands between the lanes of spermatozoa, and always 
point towards the outer surface of the duct. 

As development of the testis proceeds, the vesicular connective tissue, both 
external and internal to the genital ducts, increases rapidly till it forms a thick 
layer separating them from the surface epithelium externally and from the 
digestive diverticula internally. When the ducts are distended with spermatozoa, 
offshoots begin to sink into the vesicular tissue which borders them internally. 
These may extend in irregular follicles as far as the digestive diverticula, or they 
may give off branches which, running more or less horizontally, are cut across 
in sections made at right angles to the surface of the gonad (Pl. xv, fig. 12). 
Germinal epithelium usually lines the walls of these follicles, from which 
spermatogonia, spermatocytes and spermatozoa continue to develop. Nourishment 
for the developing sex cells is obtained from the vesicular tissue, and as 
proliferation proceeds the ducts and follicles tend to coalesce with the partial or 
even total disappearance of the follicular walls, until, as the testis approaches 
maturity, they may almost cease to exist as separate entities. 

In a male oyster just prior to spawning (Pl. xv, fig. 13), the vesicular tissue 
lying between the genital ducts and the surface epithelium may become reduced to 
a narrow band, and in places may disappear entirely; the ducts in cross section 
are of great width and are divided from one another by narrow bands of vesicular 
tissue which extend downwards into the testis for varying distances, becoming 
narrower as they proceed, while the spermatozoa lie in intimate contact with 
the ciliated epithelium of the ducts. The testis rarely becomes a uniform mass of 
spermatozoa, but is broken up into irregular islands by small areas of vesicular 
tissue, which are frequently bordered by spermatocytes. In these areas of vesicular 
tissue an occasional blood space is to be found. The tails of the spermatozoa are 
usually bunched together in definite streams, which run in all directions. 

The head of the live sperm of O. commercialis measures 2u in diameter, and 
the tail 424 long. The shape of the head of this sperm differs from that of 
O. virginica, which is described by Stafford (1913) as “almost oval in form, some- 
what pointed anteriorly, but inclined to be squarish posteriorly”. The head of the 
sperm of O. commercialis is spherical (Text-fig. 2). Attached to the head, and 
grouped round the insertion of the tail are four spherules, of which usually only 
two, occasionally three, can be seen when the sperm is lying on its side. 
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It need scarcely be remarked that sperm morulae, characteristic of larviparous 
oysters, do not occur in O. commercialis. 

The head of the sperm of the American oyster, O. virginica, is stated by 
Stafford (1913) to measure 1-754 in breadth, and the tail 354 in length; while 
Churchill (1920) states that the head measures 2-5, and the tail about 50u; that 
of O. edulis is stated by Hoek (1883) to be at most ly, and the tail 254, while 
Orton in the Encyclopaedia Britannica (14th Edition) gives the measurement of 
the head as 2u, and the tail about 20-30xz. 

When considering the development of the ovary, it should be borne in mind 
that we are dealing with an oyster which has probably already functioned as a 
male. In all young females which I have examined by means of microscopic 
sections, the layer of vesicular connective tissue in which the germinal ducts lie 
is of far greater depth than in young males in which the sex organ is developing 
for the first time. This vesicular tissue (Pl. xvi, fig. 14, v.t.) forms a thick layer 
between the ducts and the surface epithelium, and also between them and the 
digestive diverticula. There is, therefore, already awaiting the development of 
the eggs, which require more nutriment for their growth than the sperms, an 
abundance of vesicular tissue in which nutriment, mainly in the form of glycogen, 
is stored. 

External to the genital ducts the layer of vesicular tissue is usually homo- 
geneous and of rather loose texture; occasionally, however, patches occur in which 
the tissue becomes very condensed, the cells losing their characteristic form of 
bladder cells and becoming smaller and more compact. Similar condensed areas 
may occur in the broader band of vesicular tissue lying internal to the ducts; in 
the latter, numerous blood spaces occur, the tissue bordering them being usually 
condensed. 

The germinal ducts (Pl. xvi, figs. 14, 15, d., d.1) are for the most part lenticular 
in. cross section, but oval or circular ducts are not uncommon. The distance 
between the ducts varies greatly; in some cases a band of condensed vesicular 
tissue of variable width extends from one duct to the next; in others, it may 
continue along the external surfaces of the ducts and form a more or less unbroken 
band bordering them externally (PI. xxii, fig. 26, v.t); in other cases, again, no 
condensation at all may occur in the tissue between or external to the ducts. 
Muscle fibres are frequently present in this band of tissue, particularly in that 
portion of it in contact with the ciliated epithelium of the ducts. 

As in the testis, the ducts are lined by ciliated epithelium externally (Pl. xvi, 
fig. 15, Pl. xvii, fig. 16, c.e.), and internally by germinal epithelium, from which 
the ova develop. In their very earliest stages it is extremely difficult, if not 
impossible, to distinguish the male from the female germ cells. There is usually 
no difficulty, however, in determining the sex of the individual, for easily recogniz- 
able young ova early become apparent in some of the ducts; they are characterized 
by their granular cytoplasm, large, comparatively clear nucleus, and conspicuous, 
deeply-staining nucleolus. As they develop they become enormously swollen, 
attached to the basement membrane by a broad base, and project into the lumen 
of the duct as a dome-shaped cell, the nucleus lying close to the attached surface. 
As they continue to grow, the development of other ova at their bases compresses 
the region of their attachment till it becomes constricted into a long, narrow neck, 
the free portion remaining swollen, and the whole resembling an attenuated pear 
(Pl. xvii, fig. 16, o.). The nucleus now lies in the centre of the swollen extremity, 
with the nucleolus close to its circumference. 
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With the crowding of the germinal layer by the rapid development of the 
eggs, portion or portions of it evaginate into the vesicular tissue, and, by further 
evaginations, form numerous branching and anastomosing follicles (PI. xvi, 
figs. 14, 15, f.). As the ova in these follicles develop, they are continually absorbing 
nourishment from the vesicular tissue, which rapidly diminishes in extent, till in 
the ripe ovary, none, or practically none, remains. The mature ovary, therefore, 
consists of a mass of closely packed ova attached to the follicular walls by their 
narrow extremities (Pl. xvii, figs. 16, 17, o.). The germinal ducts, in the mean- 
time, have become greatly extended laterally; many have joined up with their 
neighbours, whilst others are separated only by a narrow band of vesicular tissue 
or by the walls of the follicles. The layer of vesicular tissue lying between the 
ducts and the surface of the oyster also diminishes rapidly us the eggs develop, 
till in the mature ovary it becomes reduced to a very narrow layer (Pl. xvii, 
fig. 16). 

Conspicuous amongst the cells of the ciliated epithelium of the germinal ducts 
of both the ovary and testis are frequently to be seen granular cells which stain 
very deeply with eosin and other acid stains. These cells may be relatively small, 
no larger than the epithelial cells, but more frequently are greatly swollen and 
project well into the lumen of the duct (Pl. xiv, fig. 11; Pl. xvi, fig. 15; Pl. xxiii, 
fig. 28, s.c.). Occasionally neighbouring cells may coalesce to form a continuous 
layer of considerable extent. Some ducts may be entirely devoid of them, whilst 
in others the ciliated epithelium may be entirely replaced by them. They may be 
seen at times extruding their granular contents into the lumen of the duct. 
Whilst these granular cells are usually devoid of cilia, occasionally a few cilia 
may be seen projecting from the surface; they appear, therefore, to have originated 
as ordinary epithelial cells, later differentiating to secrete granular material. 
They occur in the ducts of the gonad in all stages of its development, from the 
time when the sex cells are beginning to differentiate, till the gonad is mature. 
They reach their greatest development, however, and usually occur in greatest 
abundance, in partially spawned or completely spawned oysters (PI. xviii, fig. 19; 
Pl. xix, fig. 21; Pl. xxi, fig. 24, s.c.); in several successive ducts they may 
completely replace the ciliated epithelium, and form a layer from one to several 
cells deep, and may even fill almost the whole of the lumen of the duct. But in an 
oyster in which this excessive development occurs, a few of the ducts may remain 
almost, or even entirely, devoid of them. Such prolific development, however, is 
not to be found in all recently spawned oysters, for occasionally one will be found 
in which the granular cells occur in very few of the ducts, and are inconspicuous 
and sparsely distributed. 

The function of these cells I have been unable to determine. They are not 
mucous cells, mucicarmine having no affinity for them whatever. They stain 
intensely with eosin, erythrosin, acid fuchsin and iron haematoxylin, and very 
slightly with Delafield’s and Ehrlich’s haematoxylin. In preparations stained with 
iron haematoxylin and acid fuchsin, the granules in some of the cells are rendered 
a deep bluish-black, whilst in others they are a brilliant red. In eosin-methylene 
blue preparations they form a beautiful contrast. 

Granular cells with similar staining characteristics are found in the surface 
epithelium, where at times they occur in great abundance and may even form 
an almost continuous layer of considerable extent, and in that of the intestine. 
In the latter situation they have been noted by several authors in various molluscs, 
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and have usually been designated “eosinophilous cells” from their great affinity 
for this stain. 

Mature eggs of the oyster may be studied either alive or in sections; in the 
former case, they may be obtained by pricking the surface of a ripe ovary, or 
preferably by a little gentle pressure of the finger along the surface of the 
ovary from before backwards, thereby forcing some of the eggs out of the 
oviduct. The eggs of O. commercialis (Pl. xviii, fig. 18) may be round, oval, 
or more commonly pear-shaped; if the latter, the narrow end may be greatly 
prolonged. They vary considerably in size; the width of pear-shaped eggs varies 
usually from 0-05 to 0-06 mm., while the longest I have seen measured 0-225 mm. 
The largest eggs I have measured were subspherical, the diameter being 0:09 mm. 
The shape of the egg is not an indication of maturity, for an elongated pear- 
shaped egg is as capable of fertilization and subsequent development as a spherical 
one. Soon after fertilization, however, an elongated egg becomes spherical. In 
the Bombay oyster (O. cucullata), Awati and Rai (1931) found that the spherical 
eggs alone were ripe and capable of fertilization. 

The eggs of all oviparous oysters appear to average approximately the same 
size, i.e.. 0°05 mm., as stated by Stafford (1913), Churchill (1920), and T. C. 
Nelson (1921) for the American O. virginica; Amemiya (1928) for the Japanese 
O. gigas, O. spinosa, and O. circumspicta; and Amemiya (1926) for the Portuguese 
0O. angulata. The eggs of the larviparous types are all larger and measure 0-1 mm., 
as stated by Amemiya (1928) for the European O. edulis and the Japanese 
O. denselamellosa; and Stafford (1918a) for the American O. lurida. 

The eggs are enclosed in a very thin membrane; they contain granular 
cytoplasm with a narrow, clear, homogeneous band immediately beneath the 
lining membrane, and another surrounding the nucleus. The nucleus is very 
large and spherical in shape; it contains granular nucleoplasm more transparent 
than the cytoplasm surrounding it. The nucleolus appears as a small glistening 
spherical object, which usually lies in close apposition with the nuclear membrane, 
but may occur anywhere in its interior. 

In sections stained with haematoxylin the granules of the cytoplasm, the 
nuclear membrane, and particularly the nucleolus, stain deeply, while the proto- 
plasm of the nucleus stains lightly and tends to become reticulated (Pl. xvii, 
ime, I, Os). 


The Gonad during and after Spawning. 

When an oyster spawns, the reproductive elements, ova or sperms, are con- 
ducted along the ciliated ducts to the gonoducts on each side, which, as we have 
seen, open on the sides of the oral process beneath the adductor muscle. As 
batches of eggs or sperms are swept along these ducts, further batches are drawn 
upwards, where they enter the stream formed by the beating of the cilia. In this 
way the follicles are gradually drained. 

Although I have prepared sections of many oysters during and after the 
spawning period (during late summer and winter), J have not found one in which 
spawning has been complete, i.e., in which the whole of the eggs or sperms have 
been ejected. It is apparently usual for some to remain in the gonad; indeed, at 
times the bulk of them are retained, and individuals are occasionally found in 
batches of recently spawned oysters which have obviously not spawned at all. In 
the latter case the eggs or sperms may either be carried over the winter or, as 
appears to be more frequent, they may be absorbed. 
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Absorption of the undiscarded eggs or sperms of a partially spawned oyster 
appears always to take place; the process is a comparatively slow one, for various 
stages of absorption may be seen during the whole oť the winter following 
spawning. 

In the case of the testis, the ducts and follicles containing spermatozoa become 
infiltrated with small, irregular, densely-crowded, vesicular cells (Pl. xviii, fig. 19, 
v.t., v.t.2). These cells are in very active division and mitoses are greatly in 
evidence. Gradually, as the spermatozoa are absorbed, they are completely 
replaced by the condensed vesicular cells (PI. xix, fig. 20, v.t2, v.t), which continue 
to develop and expand until, early in the following spring, they assume the 
typical bladder-like character of the ordinary vesicular cells characteristic of this 
region. Their function is, of course, to store nutriment for the ensuing develop- 
ment of spermatozoa or, possibly, eggs. 

In the case of the ovary, absorption of undischarged eggs takes place in a 
similar manner. A few small vesicular cells make their appearance amongst the 
eggs in the ducts and follicles, and develop at the expense of the eggs (PI. xix, 
fig. 21; Pl. xx, fig. 22, o., 02, v.t+, v.t2). Gradually, as the vesicular cells increase 
in numbers, the eggs degenerate, decrease in size, and eventually disappear 
altogether, their place being taken by densely crowded vesicular cells (Pl. xx, 
fig. 23; Pl. xxi, fig. 24, v.t2, v.t.2). When absorption is complete the vesicular cells 
continue their growth by extracting nourishment from the blood stream, until the 
whole of this region comes to consist of large, more or less uniform, vesicular or 
bladder cells which characterized it before the sex cells began their development. 

As the genital products are absorbed, the ducts shrink away from their 
neighbours with which they had coalesced as the gonad reached an advanced 
stage of development. They remain filled for a considerable time, however, with 
the condensed vesicular cells (Pl. xxi, fig. 25, v.t2) which have replaced the eggs. 
Gradually these cells migrate downwards until the ducts are completely free from 
them; the ducts then again assume the form they had when the sex cells began 
to differentiate, i.e., they are lined by germinal epithelium internally and ciliated 
epithelium externally. 

Considerable difficulty was encountered in the preparation of sections of 
recently spawned oysters. The difficulty was apparently one of fixation, for the 
layer of vesicular connective tissue in which the sex cells were embedded, and 
sometimes also the layer between the genital ducts and the surface epithelium, 
was usually found to undergo considerable disintegration during spawning. The 
fixatives used consisted of Bouin’s picro-formol-acetic, Zenker-formol (Helly’s 
fluid), and Carnoy’s acetic-alcohol-chloroform mixture. None of them was found to 
be satisfactory. For general histological work on the oyster, I have found Bouin’s 
fluid to be a satisfactory fixative; Zenker-formol was found to distort some of the 
tissues badly; and Carnoy’s fluid, excellent for some tissues, was found very poor 
for others; it usually caused a shrinkage of the ducts and the breaking away of 
the cilia from the epithelium. In my earlier histological work most of the tissues 
were fixed in formol-alcohol-acetic of Bles, with fairly satisfactory results. 


The Spawning of O. commercialis. 

My observations on the spawning habits of O. commercialis were made at Port 
Macquarie, a harbour at the entrance of the Hastings River, on the north coast of 
New South Wales. Port Macquarie is a large basin which receives the water from 
the Hastings River at its north-east corner, and has a narrow outlet to the Pacific 
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in the south-east quarter through which the tidal waters reach the sea. Owing to 
the narrowness and shallowness of this channel, the rise and fall of the tide in the 
estuary is never very great. The channel itself is bounded along its southern 
border by a breakwater, and requires frequent dredging to allow of the passage 
of craft of even shallow draught. The harbour has two channels, the eastern being 
navigable by steamers of small draught, while the western is impassable by ocean- 
going vessels of any description, the central area consisting of a large sand spit 
which is bared by the tide. 

Oysters are cultivated along the whole of the western foreshores to within 
about half a mile of the breakwater. Choice of this locality was made because 
the water is usually very clear, allowing of unobscured observation of the cysters 
when submerged, and also because the actual spawning is usually heavy, and 
abundant catches of spat are a general rule. Owing to the proximity to the ocean 
the density of the water is usually rather high, though a good deal of fresh water 
spills over from a large swamp inshore after heavy rain. 

Having received, about the middle of February, 1924, some oysters from Port 
Macquarie which had the reproductive organ in a very advanced state of develop- 
ment, containing an abundance of ripe ova and sperms, I proceeded there on 
25th February and made a daily survey of the beds in an endeavour to discover 
any indications of spawning oysters; in this I was assisted by the local Inspector 
of Fisheries and by the oyster growers, who were working the beds continuously. 
Although the oysters everywhere were very fat, no spawning was seen. until 
5th April, and although numbers were repeatedly opened for examination, none 
previous to this date had given any indication of even a partial spawning. In 
the meantime a plankton net consisting of No. 16 bolting silk (157 meshes to the 
inch) was towed over the beds daily, in many situations, at different states of the 
tide, and from the surface of the water to close to the bottom, but in no instance 
was an oyster larva seen, although the larvae of many other bivalves were always 
abundant (Pl. xxiv, fig. 30). 

On 5th April, the late Mr. Thomas Dick, a prominent oyster grower of the 
district, noticed oysters beginning to spawn a short distance from where my 
laboratory was situated. Hastening to the bed, I found that the water over it was 
distinctly cloudy, and in a very short time the bottom and the stones to which the 
oysters were attached were obscured from view in water two feet deep. Spawning 
had begun about 12.30 p.m.; the temperature of the water at the surface was 70° F., 
and at the bottom 68° F.; the density at the surface was 1:0195, and at the bottom 
1:020; the tide, which had been a particularly high spring tide (new moon) was 
from three to four hours on the ebb, and when the oysters began spawning was 
about mean high water level. The wind was moderately strong from the south, 
though the beds were fairly sheltered by a lee shore; the tide was ebbing very 
slowly, a heavy sea outside the bar tending to bank the water in. Heavy rain had 
fallen during the previous day, but the density of the water was little affected by 
it. By 1.30 p.m. (an hour after the commencement of spawning), the water had 
practically cleared, and although the beds were patrolled for about a quarter of a 
mile, no evidence of spawning could be seen beyond the bed under observation, 
which covered an area of about a hundred yards long by about twenty wide. 

The late Mr. Thomas Dick, whose observations in the realm of oyster life were 
particularly keen and very reliable, informed me that spawning invariably occurs 
on these beds during spring tides when two or three hours on the ebb, and often 
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when a heavy sea is running outside. On one occasion previously he had taken 
the temperature of the surface water over a shallow bed and found it to be 70° PF. 

The temperature of the water over the beds had heen taken daily from 
25th February till spawning occurred on 5th April, and on only one occasion was it 
found below 70° F., when on the day preceding spawning it was 68° F. It varied 
from 70° F. to 85° F., and was usually from 72° F. to 76° F. The oysters during the 
whole of this time appeared to be capable of spawning, and fertilization was always 
readily effected when ova and sperms were mixed in sea water. It would appear, 
therefore, that other physical conditions besides temperature play a part in 
governing the spawning impulse. 

There is abundant evidence that the heaviest spawnings occur on the New 
South Wales coast at spring tides (both full and new moon tidal periods), and 
cultch is frequently laid out just before Christmas, when a heavy spawning often 
occurs during the unusually high tides which occur at that period. But if spawning 
were confined to spring tides the resulting sets of spat would assuredly occur 
in well defined fortnightly pericds, for, even allowing for irregularities of growth, 
the bulk of the larvae may be expected to develop with a certain amount of 
uniformity. An investigation during three months on the Hawkesbury River in 
1925, however, showed that this, at least in that river, is not always the case. 
The attachment of spat occurred with the utmost irregularity; practically every 
day a few spat were found attached to shells, fibro-cement sheets, glass, and other 
objects placed out to secure them. On some days more would attach than on 
others, but there was never a heavy set during any period of twenty-four hours. 
In the aggregate, the catch was a good one, but it extended over a period of five 
months. It appears to be a fair assumption that spawning in various localities was 
proceeding daily or almost daily during the whole of that period. Such conditions 
appear to be normal to the Hawkesbury River; inquiry amongst the most 
experienced cultivators showed that none had ever seen the water rendered milky 
by oyster spawn, and few indeed had ever seen a spawning oyster. Apparently 
it is customary for the oysters to spawn partially at intervals, and in this respect 
they are in marked contrast with those at Port Macquarie, where a general and 
heavy spawning may occur during the course of one tide, resulting in an almost 
simultaneous set of spat. I have seen fibro-cement sheets from Port Macquarie 
with an enormously heavy set of very young spat which had every appearance 
of being of a uniform age. Oyster growers there have seen the water clouded with 
spawn for hundreds of yards. 

Further observations of the spawning of the oysters on 5th April, 1924, showed 
that two methods were commonly employed to expel the genital products: one, 
the more common, being a forcible ejection, the spawn in this case leaving that 
part of the shell situated closest to the gonoduct, i.e., directly inferior to the 
adductor muscle; and the other, a mere dribble, when the spawn usually oozed 
from the shells in the exhalant current at the dorsal surface, above and behind 
the adductor muscle; less frequently it would ooze from the same region 
(inferiorly) as that from which it was forcibly ejected. 

The forcible ejection was accomplished by a gradual opening of the shells, 
followed by a sudden closure, accompanied, when out of water, by a distinct hissing 
sound, the spawn leaving the shells in a cloud, which resembled the form of the 
smoke emitted when a cannon is fired. Immediately after leaving the shell it was 
concentrated in a thin, swiftly-moving stream, but gradually became more diffuse 
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and slowly dispersed into the water. The intervals between each ejectment were 
of short and irregular duration during the early stages, but gradually became 
longer as the process was continued; the force of the expulsion was also greater 
at the beginning than towards the end. 

It has been stated by T. C. Nelson (1921) that the spawn of the American 
oyster oozes from the gaping shells of the males, while the females forcibly eject 
it at intervals, and a similar observation was made by Prytherch (1923). At Port 
Macquarie no such rigid differentiation could be made, for sperms were occasion- 
ally seen to be forcibly ejected from the male oysters, and eggs sometimes to 
trickle from the females, in each case from the ventral margin of the Shell. 
Observations were made on specimens which were placed singly in glass jars, and 
verification in each case was obtained by means of microscopical examination. 
It was also seen that the spawn may be forcibly ejected or ooze out of the same 
oyster, though the exudation in this case was only seen after the oyster had been 
spawning for some time. After one ejection the shells remain closed for some 
time; they then slowly open very widely, as much as a quarter of an inch, when 
the sudden snapping of the shells is repeated. 

A stone with oysters attached was removed from about two feet of water to 
shallower water inshore where portion only of the stone was submerged; here 
the oysters both in the water and exposed to the air continued to spawn; in the 
latter case one squirted the fluid into a beaker held at the level of the oyster 
about twelve inches distant. 

A marked contrast was noted between the dispersal of the eggs and that of 
the sperms. The eggs quickly diffused, whereas the sperms were inclined to hold 
together for a short time as well defined white streaks. Numbers of oysters, having 
begun to spawn in the water, were lifted into the boat, and in almost every case 
they continued to spawn at intervals similar to those remaining in the water. 
Several, having completed spawning, remained with the shells gaping widely; these 
were left in the boat and two days afterwards were found to be dead, although 
normally this species of oyster will live for upwards of two weeks out of water. 
The exhaustion of spawning appeared to render them utterly unable to effect the 
closure of the shells, and in the absence of a normal flow of water, they quickly 
perished. Several of the gaping oysters were opened and in most cases it was 
found that about half the contents of the gonad had been drained. The extent to 
which spawning continues appears to regulate the degree of exhaustion. 

Having begun to spawn, the oyster will continue the process in spite of rough 
handling. For instance, some oysters which had been seen to eject spawn were 
forcibly knocked, by means of a culling iron, from the stone to which they were 
securely attached, and when placed in a jar of water soon opened their shells and 
continued to eject the spawn. 

If spawning occurs on a bed at a time when they are being gathered for 
market, it is necessary to return all the oysters to the bed, for they may continue 
to spawn in the bag and die before they reach the market. 

A marked difference was noticed in the nature of the fluid ejected from the 
oysters at the beginning of spawning and when it was nearing completion; in 
the former case it was more uniform and dispersed more rapidly, while in the 
latter, it was accompanied by relatively large pieces of tissue, apparently from 
the broken-down gonad. 

The eggs and sperms quickly settle to the bottom. In a large beaker into which 
four spawning oysters were placed, the water was for a time quite milky and 
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Opaque, and the outline of the oysters could not be seen when looked at from 
above; settlement was proceeding the whole time, the water at the bottom of the 
beaker becoming increasingly opaque, while that at the surface became gradually 
clearer, At the end of half an hour the water was perfeetly clear, and the spawn 
lay in a dense layer on the bottom of the glass and on the surface of the oysters 
like a mantle of snow. 

In an endeavour to procure as much information as possible relative to the 
state of the tide when O. commercialis spawns, I called for reports (through the 
courtesy of State Fisheries) from the Inspectors of Fisheries stationed along the 
New South Wales coast. These Inspectors are continually moving about the oyster 
leases, and have a splendid opportunity of observing the condition of the oysters. 
Altogether, 22 instances of spawning were reported, and of these 15 were to the 
effect that spawning occurred on the ebb tide, and 7 on the flood. Eleven spawnings 
were recorded during spring tides, and four during neap tides; in seven of the 
spawnings reported no note had been taken of the tidal range. 

Three of these reports drew attention to the fact that young mullet (Mugil sp.) 
were attracted to the spawning, and by their activity, they gave every indication of 
devouring large quantities of spawn. 

In two instances the Inspectors stated that they had seen the spawning 
continue after the oysters were bared by the tide, leaving the shells more or less 
covered with the white fluid. 

For purposes of comparison it will be of interest to survey the observations of 
the spawning of different species recorded by various authors in other parts of 
the world. 

Orton (1920) states that, throughout its range, the larviparous European 
oyster (0O. edulis) appears to begin to breed at a temperature of about 59° F.-61° F. 
in varying salinities from about 25%, to as high as 36%, or more in the Gulf of 
Naples, and continues to breed so long as the temperature remains above this 
figure, so that in the warmer situations there is a longer breeding period than in 
the colder ones. 

Sparck (1925) found, however, that the breeding temperature varies according 
to whether the spring rise in temperature is rapid or slow. The breeding 
temperature was found to be higher the more steeply the temperature curve rises. 
After a warm spring, oysters were found with larvae in the mantle cavity at a 
temperature of 55° F.-57° F.; after a cold spring, when the temperature of the 
water rose rapidly, no oysters with developing larvae were found till a temperature 
of 61° F.-63° F. was reached. 

A lunar periodicity has been stated by Orton (1926) to oceur in O. edulis, a 
maximum of spawning being found round about the days of full moon. It is 
suggested that the rapid rate of change in pressure accompanied by increased 
temperature at spring tides may be sufficient stimulus to cause spawning to occur. 
In the Fal estuary in 1926, Orton (1927a) found that regular spawning began on 
the spring tides at about full moon at the end of June, and continued throughout 
the summer until the full moon spring tides about 23rd September. 

In the American oyster (0O. virginica), J. Nelson (1890) found that in New 
Jersey spawning begins when the temperature of the water reaches 70° F. 

Stafford (1913) found that in Canadian waters the temperature of the water in 
the region of oyster beds at the beginning of spawning approximates to 68° F. 
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Churchill and Gutsell (1919) state that in Great South Bay, Long Island, 
spawning began when the temperature of the water reached 70° F., and that it 
proceeded rapidly while temperatures ranged from 70° to 74°, but that it slowed 
down or ceased with temperatures of 70° to 68° F. When it rose to 74° F. the bulk 
of the spawn was thrown out in the course of two or three days. In the same 
locality Gutsell (1921) found that in 1921 spawning began with a water 
temperature of 66-5° F. to 67° F. 

Churchill (1920) states that O. virginica may spawn when the water reaches a 
temperature of 68° F., but spawning proceeds at normal speed only when the water 
is 70° or above. 

T. C. Nelson (1921) found that, although spawning of oysters will commence 
when the water has reached a temperature of about 70° F., it becomes much more 
active with temperatures from 75° F. to 85° F. A rise in temperature is followed 
by a more active spawning, while a decrease in temperature is accompanied by a 
rapid falling off in the amount liberated, 

Spawning was observed by Nelson on a float some six inches below the surface 
of the water on 26th June, 1920, at 4.55 p.m., in bright sunlight. The tide was 
about three-quarter flood, the density 1-018, and the temperature 78° F. Spawning 
continued till 5 p.m. About one-third of the spawn was thrown out during this 
spawning. An examination of the stomachs of the oysters showed that the oysters 
had not been feeding during the duration of the spawning. 

T. C. Nelson (1921a) reproduced a kymograph tracing made by two female 
oysters which spawned while attached to an apparatus used to record feeding 
reactions. The first oyster spawned on 6th August, 1920, from 4.18 p.m. to 4.29 p.m. 
with the tide five-sixths flood, and the second on 26th July at 10.37 p.m. at high 
tide. 

Prytherch (1923) found that by placing oysters in tanks of slowly running 
water, in the sunlight, spawning may be induced by the rising temperature, In 
every such experiment from 10th July to ist September the oysters spawned 
readily. Spawning occurred at temperatures ranging from 68° F. to 75° F., and 
lasted over intervals of 15 to 30 minutes. At temperatures higher than 75° F. it 
was found that the spawn was released slowly and immediately settled to the 
bottom of the tank, whereas normally it would be forcibly ejected into the water 
and would float about for some time. In one instance a group of 11 months old 
oysters spawned for over five minutes at a temperature of 695° F. A sample of 
this, observed in a watch-glass, developed as normally as that of the older oysters. 

T. C. Nelson (1925) found a latent period of four days after the temperature 
rose above 68° F. before spawning began. 

The same author (1926) confirmed J. Nelson’s observations that after the 
spawning temperature (68° F.) has been attained a sharp rise in temperature is 
followed by spawning. He also found that spawning is most apt to occur between 
late afternoon and midnight, and during the flood tide, T. C. Nelson observed or 
recorded on a kymograph natural spawning of the oyster on five occasions. In 
each instance the spawning took place in the daytime during the late flood tide 
and with a rising temperature. 

Galtsoff (1926) found that both male and female oysters may be induced to 
spawn by increasing the temperature of the water, whereas spawning in the 
femaletmay be induced at a constant temperature by the addition of sperm. After 
spawning, a female oyster is for two days immune to the presence of sperm, 
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T. C. Nelson (1927) observed that the more rapid the rise in temperature 
above 68° F. the sooner spawning begins, though a higher temperature is required 
to induce spawning than when the temperature rise has been more gradual and 
extended over a longer time. In the latter respect Nelson’s observations on the 
spawning of O. virginica are in entire agreement with those of Sparck (1925) on 
O. edulis. 

T. C. Nelson (19284) stated that later spawnings occur usually at temperatures 
above that which caused the initial spawning of the season. Following a cold 
summer, unshed spawn may be found in the oysters even into the winter months. 
The important observation was made, also, that the American oyster spawns after 
the water temperature reaches 68° F. over all parts of its range, with no adjust- 
ment to the extremes of its distribution. 

Prytherch (1928) states that in many instances in 1925 and 1926 spawning 
was observed to take place in tanks and floats (in Milford Harbour, Connecticut) 
at temperatures ranging from 68° F. to 80° F. It was found that those oysters from 
the Sound, where the water temperature is much lower than in the Harbour, 
‘spawned in about half an hour at 68° F.-72° F., while the oysters from the warmer 
harbour waters required several hours’ exposure to this temperature before 
spawning occurred, or, on the other hand, they could be induced to spawn in half 
an hour by increasing the temperature from 73° F. to 80° F. 

During 1925 and 1926 the heaviest spawning of oysters in the harbour was 
found to occur after the water had reached and maintained for a few days a 
temperature of from 68° F. to 70° F. In both years the majority of the cysters 
spawned at the end of the July full moon tidal period, when the temperature of the 
water increased as the result of the greater range of tide during this period. 
Prytherch maintains that the effect of the moon on the spawning of the American 
oyster is only indirect, through the change it produces in the vertical and hori- 
zontal movement of the water over the oyster beds leading to an increase of 
temperature. 

The discharge of spawn occurs near or at the time of high water. From 
21st July to 29th July, 1926, the water temperature on the last of the ebb tide and 
at low water was often from 68° F. to 79° F., and yet the oysters failed to spawn. 
The same oysters, when placed in water pumped at high tide and warmed to the 
same degree, spawned in a very short time. It was observed by Prytherch, also, 
that oysters kept in floats always spawned near the time of high water, at 
temperatures ranging from 68° F. to 75° F., and never at low water, though it was 
several degrees warmer. In analysing the factors of temperature, salinity and 
hydrogen-ion concentration at the time when spawning occurred, it was found that 
the hydrogen-ion concentration or pH value of the water showed the greatest 
difference. In all the observations but one, the water had a pH value ranging 
from 7-8 to $2 when spawning occurred, while in the exceptional case the pH was 
7-6 and the water temperature 73° F. 

The failure of the oysters to spawn at low tide, when the temperature of the 
water is often above 68° F. is thought by Prytherch to be due to the low alkalinity 
of the water at this stage of the tide, as indicated by the pH readings. 

Summarizing the studies of spawning in Milford Harbour, Prytherch con- 
cludes that the most important controlling factors are the temperature of the 
water, the range of the tide, and the hydrogen-ion concentration. 
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T. C. Nelson (1929) found that oysters may spawn even though their gonads 
may not be developed to their maximum extent; spawning may occur, in fact, when 
the gonad is but poorly developed. He considers, however, that the crops of spat 
resulting from such spawnings are very poor. 

Galtsoff (1930a) found that the duration of the spawning period of O. virginica 
varied from 36 to 70 minutes, and the number of contractions varied from 56 to 
135, the average number of contractions per minute of four oysters being 1-36. In 
the introduced Japanese species, O. gigas, he found that the duration of the 
spawning period varied from 15 to 59 minutes, and the number of contractions 
from 31 to 121, the average number of contractions per minute of four oysters 
being 1-96. The contractions of the two species are not strictly correlated, however, 
for they were not observed at the same time and under identically similar 
conditions, the record for O. virginica being obtained in July, 1929, and that for 
O. gigas in October of the same year. 

With regard to the larviparous oyster of the Pacific coast of the United 
States (O. lurida), T. C. Nelson (1928) states that it spawns at the same tempera- 
ture as O. edulis, viz., 59° F.—61° F. s 

In the oviparous Japanese common oyster (0O. gigas), Amemiya (1928) 
observed numbers of oysters spawning both on the beds and in glass jars. On 
the beds the oysters spawned about 30 to 40 minutes after they were submerged 
(to a depth of about a foot) by the water on the flood tide. Unfortunately no 
temperatures or other physical conditions are stated, and it is not recorded 
whether the tide was spring or neap, though in another place Amemiya states 
that the ordinary temperature which prevails in central Japan at the spawning 
season is about 77° F. Amemiya observes that “Most probably in the natural 
oyster bed, the impetus of the fresh current of the flood tide causes the stimulus to 
spawning just as the change of water in the laboratory achieved the same result”. 

Amemiya discusses the ejection of spawn by O. gigas when the water recedes 
from the oysters on the ebb tide. He remarks that this snapping of the shells 
on the ebb tide may be observed at times other than the spawning season of the 
oyster, and he concludes that it is a “form of activity connected with some other 
habits of the oyster, and is not employed solely for the purpose of spawning”. 
This snapping of the shells of oysters as the tide leaves them may be seen on 
all oyster beds at all times of the year; it causes the ejection of the accumulations 
of waste material rejected by the palps and carried along a ciliated track to the 
mantle edge. By this means the mantle cavity is rid of all accumulated waste 
prior to the shells being left exposed to the air, where they must remain without 
a water circulation till the next tide covers them. It is in no way connected with 
spawning. 

Amemiya (1929) also states that O. gigas has one spawning season in a year, 
and at the end of the season the animal is entirely exhausted. 

With regard to the Japanese larviparous species, O. denselamellosa, Seno 
(1929) states that, in the Seto Inland Sea, spawning occurs most actively from 
the end of June to the middle of July, when the water temperature ranges from 
TO? F WO Aa? ie. 

In the case of the Bombay (oviparous) oyster (O. cucullata), Awati and 
Rai (1951) found that, along the coast of Bombay, the optimum temperature for 
spawning ranges from 80° F. to 87° F., and the optimum density is about 1-020. 
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On the coast of New South Wales spawning is a most irregular process. 
With the warming of the water during the spring, the gonad develops rapidly 
and may become fully developed by the middle of December. Spawning frequently 
occurs in such oysters during the abnormally high spring tides round about the 
Christmas period. These oysters frequently spawn again in late summer. If, 
however, owing to an abnormally cool spring the gonad develops slowly, spawning 
may occur in January, or even as tate as April or May. In other cases there may 
be several partial spawnings throughout the summer months. Spawning is not 
confined to the summer months, however, for on rare occasions intermittent light 
spawnings may occur right throughout the winter, as shown by an irregular 
winter catch of spat. These have been noticed in the Hawkesbury River and at 
Port Stephens. I have seen, in November, young spat attached to the mangrove 
sticks from the size of about a millimetre ranging up to about 10 millimetres, 
which must have developed from winter spawn. When, as is usual, spawning is 
completed by the end of summer, the gonad passes through a quiescent period 
during the winter as far as the development of ova or sperms is concerned, but 
activity is displayed in the storage of glycogen in the vesicular tissue in prepara- 
tion for the development of ova and sperms in the spring. The formation and 
storage of glycogen, however, does not appear to be so heavy as in the European 
oyster (0. edulis), which is frequently spoken of as fattening during the winter 
months. The size of the gonad of the New South Wales oyster in the winter is 
not comparable with its size in the summer, when it is distended with spawn. Nor 
is it appreciated to the same extent as food by the public, who prefer it with a 
well developed gonad. The winter in New South Wales is a period of greatest 
shell growth in preparation for the active development of the gonad during the 
spring and summer. 

The irregularity of the spawning period in this species is no doubt largely 
accounted for by the fact that the great bulk of the oysters in New South Wales 
are grown in the tidal zone where temperature fluctuations, varying from 
cold water to hot sun in the course of a few hours, are enormous. 

The vertical range of the New South Wales oyster extends from about mean 
high water level to a depth of upwards of 20 metres, and prior to the seventies 
of last century most of the oysters marketed were taken from permanently 
submerged beds. About 1870, however, the activity of a small worm (Polydora 
ciliata), which appears to have first made its appearance in the Hunter River, 
began to kill off vast numbers of these oysters. Gradually the worm spread 
to other rivers, and at the present day it is impossible to raise oysters on 
submerged beds in most of the rivers of New South Wales. The Manning and 
Bellinger Rivers are, however, notable exceptions; in the former the worm is 
present, but does very little damage, and in the latter it does not appear to 
occur at all. The mud worm has therefore forced cultivation to the tidal zone, 
where it can be combated. 

If the oysters in New South Wales were grown on permanently submerged 
beds, where the temperature is not subject to the violent fluctuations characteristic 
of the tidal zone, it is reasonable to expect that spawning would be more regular 
in its occurrence, and an indication of an impending spawning given by the 
gradual rise in the temperature of the water, as obtains in America, where the 
bulk of the oysters are grown in situations never bared by the tide. 
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Experiments in Artificial Fertilization. 

Experiments were carried out at various periods in order to study the 
embryonic development of the oyster, the rate of growth, and the influence of 
temperature on the growth-rate, and to compare the rate of development with 
that of other oysters, particularly O. virginica of the Atlantic coast of America. 

At Port Macquarie in 1924 artificial fertilization experiments were carried 
out in water of four different densities. In A, ordinary estuarine water with a 
density of 1-021 was used; in B, tank water was added in sufficient quantity to 
lower the density to 1:015; in C, to 1:011; and in D, to 1-005. The initial 
temperature of the water in each case was 74° F. It was found that the rate of 
development decreased as the density was lowered. The free-swimming stage was 
reached in A in 8 hours; in B in 9 hours; and in C in 10% hours. No free 
swimming embryos at all developed in D, and an examination 21 hours after 
the mixing of the eggs and sperms showed that fully 50% of the eggs had 
remained unfertilized, and of those in which fertilization had been effected, 
little development had taken place. There was no development beyond the 
morula stage. 

The embryos in A, B, and C were kept under observation for 70 hours, and 
in each case appeared to develop quite normally. The temperature of the 
water varied during the course of the experiment from 70° F. to 74° F. 

While the oysters were spawning on a bed at Port Macquarie on 5th April, 
1924, a large accumulator jar was filled to a depth of 8 inches with water over 
the spawning bed. The temperature of the water was 70° F., and its density 
1-021. In this water four spawning oysters were placed and allowed to remain 
till 10.30 p.m. on the same day. In a short time the bottom of the jar was 
white with spawn. At 9 p.m., seven hours after fertilization, a small percentage 
of the embryos was found to be swimming on or in the vicinity of the bottom. 
The temperature of the water had fallen in the meantime to 68° F. At 10 p.m., 
eight hours after fertilization, numbers of embryos were found at the surface of 
the water, having swum vertically a distance of eight inches. A quarter of 
an hour later numerous short, white columns were seen extending downwards 
from the surface of the water; these were formed by congregations of embryos 
swimming towards the bottom. These columns are characteristic of the free- 
swimming, embryonic stage of the oyster. The embryos are continually 
swimming from the bottom to the surface, where they may remain for some 
time attached to the surface film, before making their way again to the bottom. 
They rise singly, and in their passage cannot be detected by the naked eye, but 
in their journey downwards they follow each other in well-defined lines. The 
columns are distributed right throughout the water, but are usually more 
prevalent near the sides of the jar. Vibration of the containing vessel, which 
causes a Slight agitation of the water, stimulates the embryos at the surface 
to descend. The columns are most numerous near the surface of the water, 
but nevertheless many of them extend right to the bottom (GPL, som, file, Sil). 

After about 9 hours the great bulk of the embryos were freely swimming in 
the jar, and the bottom was practically clear. 

At 12, midnight, on the day following the spawning, 34 hours after fertilization, 
the first embryos were seen completely covered with shells, the hinge-line being 
straight. The temperature during this time had varied from 68° F. to 70° F. The 
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average measurements of 20 larvae at this time were: length, 67; depth, 53; and 
the length of the hinge, 45m. 

It is characteristic of the larvae to swim in circles, and when moving from 
the bottom to the surface of the water, their course is therefore a long spiral 
of narrow diameter. Shelled larvae, on reaching the surface, may remain there 
for some considerable time with the valves of the shells extended, the ciliated 
velum attached to the surface film. A sudden withdrawal of the velum and 
snapping together of the valves causes the larva to sink to the bottom, where, 
in a very short time, it will open its shell, protrude the velum, and again swim 
spirally to the surface. Larval life, then, consists of voluntary movements 
up and down in the water, the larvae at the same time being carried hither and 
thither by tides and currents. 

After three or four days the larvae, which till then were practically devoid of 
colour, developed a biuish or bluish-grey tint, most pronounced dorsally in the 
vicinity of the hinge. 

At the end of 5 days the average dimensions of the larvae were as follows: 
length, 754; depth, 584%; and the length of the hinge, 50u (PI. xxv, fig. 32). No 
special effort was made to carry the larvae through the whole of their free- 
swimming period, and on the sixth day the prolific development of infusoria 
in the water rendered it necessary to discontinue the experiment. 

On a number of occasions the rate at which the embryos swam was measured 
with the aid of an ocular micrometer. A drop of water containing embryos was 
placed on a microscopic slide and a cover-glass gently lowered over it. By means of 
a stop-watch the time taken by the embryos to traverse the full length of the 
micrometer scale was ascertained, and an average obtained from numerous counts. 
The total length of the micrometer scale was 1/31 inch. On one occasion, embryos 
69 hours old, which had not developed shells, took an average of 24 seconds to 
swim the length of the scale; at the rate, in other words, of approximately 46 
inches per hour. On another occasion, embryos 24 hours old were timed to swim 
at an average rate of approximately 39 inches per hour, and at the end of 30 hours 
at about 58 inches per hour. The rate of swimming of different batches at 
different ages, therefore, ranged from 39 inches to 58 inches per hour. In view, 
however, of the artificial conditions under which these embryos were living, 
lacking efficient aeration, etc., it cannot be assumed that their progress under 
natural conditions would be the same; their vitality and therefore their activity 
would in all probability be greater. The rate given here may be taken as a 
conservative estimate of the progress of the embryos under natural conditions. 

In order to determine the part played by the temperature on the rate of 
development of the embryos of O. commercialis, the following experiments were 
carried out. 

Eggs and sperms were mixed in water obtained from the Hawkesbury River 
in two large accumulator jars, the depth of water in each case being 10 inches 
and the density 1-016. In one case, A, the initial temperature of the water was 
77° F., and in the other, B, 64° F. 

In A, at the end of 13 hours many ova had completed their first division; 
after 12 hours numbers of ova showed a partial division into two micromeres 
and a deutomere; after two hours many showed four micromeres; after 23 hours 
the early morula stage was seen; after 5 hours the embryos, now ovate in form, 
had reached the gastrula stage. After 6 hours several embryos had reached the 
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swimming (trochophore) stage, revolving in circles, the cilia beating so rapidly 
that, even with the critical definition of an oil lamp, they could not be dis- 
tinguished. All embryos, when beginning to swim, revolve in small circles on the 
bottom, mostly, but not always, in a counter-clockwise direction. After 64 hours 
several embryos, when transferred from the accumulator jar to a watch-glass, 
were seen to leave the bottom and swim upwards for short distances. After 9 
hours several embryos were found at the surface of the water in the accumulator 
jar, ten inches from the bottom. 

During the course of this experiment, the temperature, which at the beginning 
was 77° F., varied from 76° F. to 80° F. The temperature was taken every 
half-hour and the mean determined as 78° F. 

In experiment B, the temperature of the water when the eggs and sperms 
were mixed was 64° F., the depth of the water (10 inches) in the accumulator 
jar, and its density, 1-016, being the same as in experiment A. 

At the end of an hour, some fertilized ova had become spherical and more 
opaque; the majority, however, were still more or less pear-shaped, though they 
had developed an opacity indicative of fertilization. 

After 2 hours partial cleavages only were seen. After 24 hours several embryos 
were seen with a division into two micromeres and a deutomere. After 34 hours 
a number were seen with four micromeres; and after 5 hours the most pronounced 
development noted was an early morula. (It will be noted that this stage was 
reached in 24 hours in experiment A.) After 11 hours many embryos had reached 
the early gastrula stage; at the end of 22 hours the first swimming embryos were 
seen revolving very slowly. 

During this experiment the temperature varied between 55° F. and 65° F. 
The experiment was begun at 1.15 p.m., and from then till midnight the temper- 
ature fluctuated between 64° F. and 60° F. At 7 a.m. the following morning it 
had fallen to 55° F., whence it gradually increased till at 11.15 a.m. it had risen 
to 59° F. From midnight till 7 a.m. the following morning, no temperatures were 
noted; with the exception of this period the temperatures were taken half-hourly, 
the average working out at 62° F. Owing to a decided fall during the intervening 
blank period, the average for the whole period would be somewhat lower than this. 

A comparison of the rate of development of the embryos in each experiment 
shows a marked disparity due to the difference in the temperatures. In the first 
case, at an estimated average temperature of 78° F., the free-swimming stage was 
reached in 6 hours, while in the second, at an estimated average temperature of 
62° F., the time taken to reach the same stage of development was 22 hours. 

An average temperature of 78° F. is somewhat higher than that which would 
obtain in the estuarine waters of New South Wales during the summer months, 
and therefore it may be presumed that the time taken by the oyster embryos to 
reach the free-swimming stage will be somewhat longer than 6 hours. The 
estimated average temperature which obtained during the course of the second 
experiment, 62° F., is considerably higher than that which prevails during the 
late winter months. During an investigation of a winter mortality of oysters in the 
George’s River in 1924 (Roughley, 1926), I found that at a depth of 2 feet 6 inches 
below mean low water level the temperature varied, during July and August, 
from 50° F. to 59° F., The highest temperature reached was lower than the 
average of this experiment. During the winter, therefore, embryonic development 
will probably be somewhat slower than that indicated during the course of this 
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experiment. Of course, oyster embryos have rarely to face a winter temperature, 
but, as we have seen, winter spawnings do occasionally occur. 

An effort was made both at Port Macquarie during 1924 and at the Hawkesbury 
River during 1925 to determine the duration of the free-swimming stage, following 
the method initiated by Stafford in Canada in 1907, which consisted of collecting 
the larvae in a plankton net daily, and making accurate measurements of the 
predominating size-group and recording tle daily increase in growth. 

During my six weeks’ stay at Port Macquarie during the late summer of 1924, 
the plankton net was towed at least once a day, in various situations in the 
estuary, but on not one occasion were any oyster larvae found. After the spawning 
which occurred on the beds near the boatshed where my laboratory was situated, 
the net was used with greater frequency, at various states of the tide and in 
many and varied situations, both at the surface and close to the bottom in shallow 
water, but on no occasion were any larvae recovered. After the lapse of a fortnight 
the attempt was abandoned, but not before I felt justified in predicting that, in 
spite of the spawning, a set of spat was unlikely to occur. And so it turned out, 
though I did not receive any indication of the conditions which operated to destroy 
the larvae. 

Again, at the Hawkesbury River during 1925, I used the plankton net at 
least once daily, not only near the State Fisheries boatshed at Brooklyn, which 
was fitted as a temporary laboratory, but in situations as far removed as Cowan 
Creek, near the entrance of the river into Broken Bay, and also many miles 
upstream. On every occasion oyster larvae were obtained, both in the straight- 
hinge and umbo stages, but never was there a definite preponderance of an age- 
group (Pl. xxv, fig. 33). This was rather surprising in view of the fact that 
examinations of oysters’ gonads on many occasions previously had indicated that 
spawning occurred mostly during spring tides of either full or new moons, It 
became apparent that in the Hawkesbury River, during the period under review, 
the spawning was either not confined to spring tides, or the scattering of the 
larvae subjected them to a range of temperature sufficiently wide to cause a 
marked disparity in the growth-rate. Careful analysis of each day’s plankton 
collection gave the impression that the spawning of the oysters in the Hawkesbury 
River during that period was occurring almost daily. The beds are distributed 
over a very great area, extending from the entrance to a distance of about 20 
miles upstream, and also in numerous large creeks which bear heavy crops of 
oysters, extending in each case for many miles. Spread over such an area, a wide 
range of conditions is met with, both as regards salinity and temperature, and a 
uniform spawning period can scarcely be expected. On the contrary, one would 
anticipate great irregularity; and it is probable that under such conditions 
spawning occurs on different beds at different times throughout the summer 
months. 

Most crops of very young spat which I have examined have shown a similar 
diversity of age, but on one or two occasions I have seen a general uniformity in 
the size of very young attached spat. In order to determine the length of the 
larval life of the oyster in New South Wales, therefore, one would have to be 
fortunate enough to carry out an investigation when the spawning and growth of 
the larvae showed a pronounced degree of uniformity. 

In the absence of direct evidence of the length of larval life of the Australian 
oyster, an indication of its duration may be obtained by a comparison of the 
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growth-rate during the embryonic stages with that of the oyster of the Atlantic 
coast of America (O. virginica). At a temperature of about 80° F. the free- 
swimming stage in O. virginica is reached, according to T. C. Nelson (1921), in 
from four to five hours; and we have seen that, at a temperature of about 78° F., 
the same stage is reached in O. commercialis in six hours. Nelson also states 
(loc. cit.) that the larva is completely enveloped in shells within 24 to 36 
hours after fertilization, while the Australian oyster took 34 hours to reach that 
stage at a temperature varying from 68° F. to 70° F. A difference in temperature 
of 2° as recorded in the American and our experiments would cause but a slight 
difference in the rate of growth, and it would appear, therefore, that the Australian 
oyster develops somewhat more slowly than the American oyster at the same 
temperature. If the subsequent growth of the larvae is maintained at the same 
relative rate, it is apparent that the free-swimming life of the Australian oyster 
will be somewhat longer than 14-16 days. 

The absence of predominating size-groups in the Australian plankton and 
their more regular occurrence in the American plankton may be explained by 
the differences in the habitats of the parent oysters. In Australia the great bulk 
of the oysters occur in the tidal zone, where they are subject to great variations 
of temperature, leading to an irregularity of spawning; in America, however, 
most of the oysters are never exposed by the tide, often growing in water of 
considerable depth where there is a certain uniformity of temperature, which 
must tend to a greater uniformity of sexual development and a more regular 
spawning. 

In the United States of America the determination of the occurrence of oyster 
larvae in the plankton is a question of considerable economic importance, as has 
been demonstrated by T. C. Nelson on a number of occasions. Oyster cultivation 
in America consists, in the main, of dumping large quantities of shells on the 
bottom to provide attachment surfaces for the larvae. Now, the efficiency of any 
form of cultch is dependent very largely on its cleanliness, and its cleanliness is 
governed by the length of time it remains in the water. Material which has been 
submerged for a month or two will not catch nearly so many oysters as that which 
has been in the water for a few days only, owing to the deposition of silt over 
the surface. If, then, an examination of the plankton reveals large quantities of 
oyster larvae of approximately the same age, it can at once be determined when 
the subsequent fall of spat may be expected, and the shells can be dumped on 
the bottom within a few days of the spatting. Thus the largest possible crop is 
obtained. 

A knowledge of the length of larval life does not promise to be of similar 
importance to the oyster fisheries of Australia, at least so long as the bulk of the 
oysters are grown in the tidal zone, for spawning is always likely to be inter- 
mittent, and this naturally leads to an irregular catch of spat, extending over a 
considerable period. 

Orton (1926), in O. edulis, determined that the larvae under natural 
conditions are retained in the mantle cavity of the parent for a period varying 
from 1 to 13 weeks, and that, generally, settled spat may be seen in fair numbers 
in normally warm weather about a month after the first batch of white-sick 
oysters is seen. 

Hori and Kusakabe (1927) succeeded in raising the larvae of the oviparous 
O. gigas to the setting stage in petrie dishes by feeding them on a minute alga 
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(Chlorella pacifica), Under these conditions the length of larval life was 23 days, 
at a temperature which fluctuated between 73° F. and 90° F., the average al 10 a.m. 
being 82° F. The density of the water was about 1:019-1:021. It is reasonable to 
presume, however, that this rate of development will be found to be considerably 
slower than that which obtains under natural conditions. 

In the Japanese larviparous oyster (O. denselamellosa), Seno (1929) states 
that fixation takes place about 4 weeks after spawning, at an approximate water 
temperature of 68° F. 

Further observations on the development of oysters of various species may be 
noted for comparison with that of O. commercialis. 

In O. edulis, Huxley (1883) states that the larva at the time of ejection from 
the parent measures 1/150 inch (0:17 mm.) long. In the larviparous Australian 
oyster (0. angasi), I have found shelled larvae as large as 02 mm. The largest 
shelled larvae found by Stafford (1913) in the mantle cavity of the oyster of the 
Pacific coast of America (O. lurida) measured 0-186 mm. 

In O. edulis, Sparck (1925) states that the larvae cannot complete their 
development in water with a salinity below 24~25%,. In the same species, Orton 
(1926) found that the larvae develop to the shelled stage in about a week at 
summer temperatures. 

Orton (1927) also states that artificial fertilization cannot be performed at 
present in the case of O. edulis with much chance of obtaining a normal rate of 
development, for when embryos are taken away from the parent, and are left in 
unchanged ordinary sea water, development soon becomes abnormal. 

In O. virginica, T. C. Nelson (1921) states that when first completely covered 
with shells the larvae measure 0:06 mm. in length. Prytherch (1923) found ihat at 
a temperature of 80°-85° F. the larvae invariably died; the most successful 
development occurred at a temperature of 70° F. T. C. Nelson (1921) had already 
noted that the embryos begin to swim in from 4 to 5 hours after fertilization at 
a temperature of 80° F. 

In O. gigas, Hori (1926) found that the larva forms a bivalve shell in from 
2 to 3 days; its dimensions at this stage are: length, 0-07 mm.; height, 0:06 mm.; 
and length of hinge, 0-04 mm. Seno, Hori and Kusakabe (1926) determined that the 
optimum temperature for larval development of O. gigas lies between 73° F. and 
79° F., and the optimum density between 1-017 and 1:021. Amemiya (1928) states 
that the larval shells of O. gigas grow large enough to cover the whole body and 
velum in from 3 to 4 days. The time required for the development of 
O. denselamellosa is stated by Amemiya to be much longer than that of other 
Japanese oysters. 


The Sex Ratio of O. commercialis. 

During the past 15 years I have on many occasions examined microscopically 
the gonads of this species, and whenever a batch was worked through I have 
invariably noticed that the females predominated. In order to determine the ratio 
of females to males over as much of the State as possible at approximately the 
same time of the year, I had forwarded to me during January and February, 1927, 
through the courtesy of State Fisheries, 100 oysters from the most important 
oyster producing rivers in the State, numbering 27 in all. From three of these 
rivers two consignments were received, so that a total of 3,000 oysters was 
examined. The proportion of females to males is shown in the following table: 
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Locality. Q 3 Locality. Q 3 
Tweed River 64 36 Brisbane Water 68 32 
Brunswick River 62 38 Hawkesbury River 70 30 
Richmond River .. 74 26 George’s River 85 15 
Evans River 82 18 Crookhaven River 78 22 
Clarence River 81 19 Currumbene Creek 70 30 
Sandon River T2 28 Clyde River 68 32 
Bellinger River 66 34 Moruya River 78 22 
Nambucca River 82 18 Wagonga River 68 22 
Port Macquarie 82 18 Wallaga Lake.. 70 30 
Manning River 75 25 Wapengo River 58 42 
Wallis Lake 70 30 Nelson Lake 84 16 
Lower Port Stephens .. oa 54 46 Merimbula Lake we eG 64 36 
Upper Port Stephens .. He 84 16 Pambula River zee ae 76 24 
Hunter River Fe ae a 88 12 


It will be noted that in every case the females predominated, ranging from 54% 
in Lower Port Stephens to 88% in the Hunter River. The average percentage was: 
females 73%; males 27%. In other words, there were 2:7 times as many females 
as males. The highest percentage of females I have ever found occurred in a batch 
of 100 large oysters from the Hawkesbury River, which were examined on 31st 
March, 1931. The females numbered 96%. 

Toward the end of this investigation I opened 15 very young oysters which 
were attached to the larger ones received from Brisbane Water, and noticed that 
the gonads were just showing signs of development, the ducts being in most cases 
just visible. Every one was found to be a male, containing actively moving sperms, 
but no ova in any stage of development. 

In a further batch received from Brisbane Water there were 8 very young 
oysters, and these, too, proved to be all males. In the consignment from the 
Clarence River, also, there were 9 very young oysters attached to the older ones; 
again, all were males. Amongst those received from Lower Port Stephens were 
19 very young individuals, all of which were males. Similarly, 16 young oysters 
from the George’s River, and 10 from the Manning River were all found to be 
males. 

A sex-change during the course of development was at once indicated, and 
steps were immediately taken to procure for examination further samples of very 
young oysters. A hundred young oysters were received from each of the following 
localities: Port Macquarie, Lower Port Stephens, Pambula River and the Hawkes- 
bury River. 

The oysters from Port Macquarie were received on 1st February, 1927, and it 
was stated by the Inspector of Fisheries who forwarded them that they were from 
a crop that had set during March the previous year. This would give them a 
maximum age of 10 months. The gonads were very poorly developed, the digestive 
diverticula in the bulk of them not having yet been obscured. It was found that 
84% were males and 16% females. 

The oysters from Port Stephens had caught on mangrove sticks which had 
been Jaid out in January, 1926, and were reputed by the Inspector of Fisheries to 
have attached in the following month. They were examined at the end of February, 
1927, and their greatest age could not, therefore, have been more than 13 months. 


BY T. C. ROUGITLIEY. 311 


There was, however, no uniformity in the size or age of the oysters, several crops 
of various ages being indicated. It was found that 66% were males, 19% females, 
13% contained neither ova nor sperms, and 2% were hermaphrodite, containing 
well developed ova and motile sperms. Some of the older oysters had well 
developed gonads, and amongst these the females occurred in greater numbers 
than amongst the smaller individuals, which were almost invariably males. In 
two instances, however, very young oysters showed developing ova. 

The oysters received from the Pambula River were generally larger than those 
from Port Stephens, and the gonad was much better developed, some showing very 
pronounced development. They varied greatly in size, however, and although they 
were described by the Inspector of Fisheries as being a year old, there was 
clearly considerable variation in the ages of different individuals. It was found 
that 65% were males; 28% were females; and 3% were hermaphrodite, containing 
ova and sperms in various stages of development. 

It will be seen that in three samples of oysters from different rivers, the oldest 
of which were reputed to be not older than 14 months, the males considerably 
outnumbered the females. With very few exceptions, the youngest oysters, in 
which the gonad was in an early stage of development, were males. It is quite 
apparent, therefore, that the Australian oyster (O. commercialis) undergoes a sex- 
change, but it is not yet quite clear whether it always functions first as a male. 
It certainly does in the great majority of instances, but a few individuals have 
been examined with the gonad in a very early stage of development, in which 
ova and not sperms were developing. It is possible, of course, that these oysters 
were not exceptions, that they had already functioned as males, though of this 
no indication could be obtained. It may be regarded as significant, however, that 
in the first instance, a total of 77 very young oysters received from five different 
rivers proved, without exception, to be males, and the examination of further 
batches during the following month showed a small percentage functioning as 
females. Is it possible that some of the oysters had spawned as males in the 
meantime, and had then begun to develop ova? 

When this indication was given that a sex-change occurred, a careful 
examination was made of each individual in an effort to locate both ova and sperms 
in the one oyster. Previously, microscopical examination had been confined to the 
use of a 2/3 inch objective with ordinary illumination, which was quite service- 
able for detecting ova or sperms when the field was confined to either one or the 
other. If, however, both ova and sperms occurred in the same field, there was a 
risk of overlooking the sperms, which are relatively very small, or, perhaps, con- 
fusing them with the Brownian movement of particles of protoplasm from damaged 
ova. For this reason, then, every smear from the gonad was subsequently examined 
first with a 2/3 inch objective illuminated through an ordinary condenser, and 
then with a 1/10 inch objective using a dark-ground condenser, with which sperms 
could be detected with unmistakable clearness. Later, on account of the time 
occupied in the use of the dark-ground condenser, the examination for sperms 
was made by dark-ground illumination using a 1/3 inch objective and an expanding 
stop, by means of which a sufficiently large and perfectly clear image of sperms 
was obtained. By this means a number of oysters was found with both ova and 
sperms in the gonad. Mention has already been made of the fact that an 
occasional young oyster contained both ova and sperms in the gonad, but it was 
found that this condition is not confined to the young stages, for, amongst 100 
marketable oysters (approximately three years old) received from the Tweed 
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River, two contained both ova and sperms. In one both were in abundance, and 
in the other there were many sperms but relatively few ova. One individual was 
also received from the Hawkesbury River which contained both ova and sperms in 
abundance. A total of nine hermaphrodite oysters was found. It is possible that 
other examples of hermaphrodite oysters would have been found if both ova and 
sperms had been carefully searched for during the whole of the examination of 
the three thousand oysters previously referred to; it was unfortunately late in 
the examination that an indication of a sex-change was revealed, and therefore a 
small proportion only of the three thousand oysters was examined critically with 
this object in view. 

Microscopie sections were prepared of three young oysters whose approximate 
age was twelve months, and of two large marketable oysters which I should 
estimate to be about three years old. 

In an oyster taken from the Pambula River on 1st March, 1927, reputed to be 
about twelve months old, the shell of which measured 14 inches in length, most of 
the germinal ducts contained both ova and sperms (PI. xxii, fig. 26, o., s.), the 
sperms filling up the lumen of the duct, while the eggs were in various stages of 
development from the germinal epithelium. A few of the ducts contained eggs 
only, and in a few restricted areas the ducts were filled with well developed ova 
while spermatocytes were developing from the germinal epithelium. The follicles 
varied greatly in depth; in some situations where the vesicular connective tissue 
was narrow they extended as far as the digestive diverticula, in others, where 
the depth of the vesicular tissue was much greater the follicles extended only 
about half way. Most of the follicles were of small diameter; in most situations 
the wall of the follicle had attached to it eggs in various stages of development, 
and enclosed an abundance of ripe spermatozoa; in others the follicle enclosed 
large, well-developed eggs with spermatozoa in the spaces between them (PI. xxii, 
iS, Ally Oo Cos Bo 

In this oyster, therefore, sperm development appears for the most part to 
have preceded egg development, while in restricted areas both eggs and sperms 
continued to develop side by side. 

In an oyster taken from the Hawkesbury River on 3rd February, 1927, which 
measured 1% inches long, the gonad was much better developed than that just 
described, and contained eggs and sperms in about equal proportions. For the 
most part developing eggs were attached to the walls of both the ducts and 
follicles, and surrounded masses of ripe spermatozoa. It is clear that the bulk of 
the sperms have developed prior to the development of the eggs, but in some 
situations developing eggs and spermatocyte adjoin each other in the same duct 
or follicle, in some cases with eggs, and in others with spermatocytes, predomin- 
ating. Active egg and sperm development is therefore taking place concurrently. 

In a twelve months old oyster taken from Port Stephens on 28th February, 
1927, the shell of which measured 1} inches, the gonad was but poorly developed, 
the ducts just becoming apparent at the surface. In this oyster eggs were found 
to predominate, and many of them appeared to be fully developed. Many of the 
ducts were filled with eggs only, while eggs only were developing from the 
germinal epithelium; in others the bulk of the lumen was filled with eges with 
sperms clustered in the spaces between them, sometimes with a dense mass lying 
against the ciliated epithelium. In a few of the ducts and follicles the development 
of both eggs and sperms was very active. From the advanced stage of egg 
development in this oyster, it is apparent that the proliferation of both eggs and 
sperms has gone on side by side for a considerable time. 
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In a marketable oyster taken from the Tweed River on 22nd February, 1927, 
in which the gonad was very well developed, microscopic examination of sections 
of the whola of the gonad showed that on the right side an extensive sperm 
development had been followed by very active egg development; in one or two of 
the ducts eggs predominated, but all contained spermatozoa in contact with the 
ciliated epithelium, while deeper down, the follicles, which were for the most part 
small and separated by considerable amounts of unabsorbed vesicular tissue, were 
all bordered by developing ova and enclosed compact masses of sperms (PI. xxiii, 

g. 28). In some situations both eggs and spermatocytes were actively developing 
in the same follicle. Dorsally, between the origins of the mantles, this condition 
gave way to a preponderating sperm development, whilst on the left side the gonad 
almost entirely consisted of testis; the ducts were filled with spermatozoa, and the 
follicles lined by spermatogonia and spermatocytes, which enclosed large musses 
of sperms. In a few isolated situations, however, a few eggs were found attached 
to the follicular wall, while deep down in the testicular tissue an occasional 
follicle was seen which contained ova only in various stages of development. It 
is apparent, therefore, that, although great numbers of spermatozoa were produced 
before a general tendency occurred to produce eggs, a few eggs were differentiated 
very early in the sexual development of the oyster during that season. If, when 
this oyster was alive, some of the sexual products of the gonad on the left side 
were examined, it is probable that sperms only would have been found, and the 
oyster would therefore have been identified as a male; if, however, the sexual 
products were obtained from the right side, an abundance of both eggs and sperms 
would have been found, and the true, hermaphrodite condition of the gonad 
disclosed. 

In another marketable oyster from the Tweed River which occurred in the 
same batch as that just described, the gonad was well developed, the areas of 
unabsorbed vesicular tissue being very small and inconspicuous. Great numbers 
of eggs and sperms occurred in about equal bulk throughout the whole of the 
gonad. The ducts, most of which had coalesced with their neighbours, contained 
for the most part an abundance of spermatozoa in contact with the ciliated 
epithelium; in some cases, however, eggs lay against the cilia; and in others again 
the eggs and sperms were intermingled indiscriminately. The convoluted follicles 
(Pl. xxiii, fig. 29) were lined by eggs in active development, all stages from the 
smallest to the mature egg being abundant; they enclosed irregular masses of 
sperms. Sperm development, however, had almost entirely ceased, for very few 
spermatocytes could be found. 

Observations on the sex-ratio of other species of oysters have been made by 
a number of authors. 

In the European larviparous oyster, Dantan (1913) found that amongst one- 
year old oysters 76% were males, and 6% females; when two years old 84% were 
males, and 15% females; and when three years old 81% were males, and 18% 
females. Dantan also found that the largest oysters always contained spermatozoa, 
and that eggs are only found in those of medium size. He thought it likely that 
the placing of individuals under less favourable conditions favoured the formation 
of maie elements. 

Spärck (1925) found that in the years since 1919 there were at no time in the 
Limfjord more than 8%, to 10% of females; while from 75% to 80% of individuals 
were found containing spermatozoa. In the colder waters of the Limfjord females 
are found principally amongst the older oysters. 
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Orton and Awati (1926) found that females predominated in the oviparous 
Portuguese oyster, O. (Gryphaea) angulata, which had been relaid on English 
oyster beds, the proportion varying from 60% to 88%. 

Stafford (1913) states that the sexes of the American oyster (O. virginica) 
are approximately equal in numbers. Similar results were obtained by T. C. Nelson 
and other American authors. 

In the Japanese oviparous oyster (O. gigas), Amemiya (1928) found that the 
sex-ratio varied with the amount of nourishment obtained. On a good fattening 
ground the ratio of females to males was 100: 95 amongst the one-winter group, 
and 100 : 73 amongst the two-winter group. On a poor fattening ground, the ratio 
of females to males was 100:116 amongst the one-winter group, and 100: 155 
amongst the two-winter group. Amemiya concludes, therefore, that an abundance 
of food tends towards the development of a preponderance of females, and a paucity 
of food tends towards the development of males, thus to some extent bearing out 
Dantan’s conclusion in the case of O. edulis. 

In O. mordax, an oyster which occurs prolifically on the Great Barrier Reef 
and North Queensland coast, an examination of 100 oysters from Hthel Rocks, 
near Gladstone, on 9th March, 1931, yielded more than twice as many males as 
females, the percentages being: females, 29%; males, 65%; indeterminate sex, 
6%. In a communication to me from the Marine Biological Station, Low Island, 
North Queensland, a little later, F. W. Moorhouse stated, however, that an 
examination of oysters of this species made by him at Low Island yielded 62% 
females; and 37% females: with 1% of undetermined sex. 

A brief outline of our knowledge of the sex-change in various species of oysters 
has been given in the introduction. Following the more detailed discussion of the 
sex-change in the Australian O. commercialis, further observations on its occur- 
rence in other species will serve as an interesting comparison. 

Davaine (1852) and Hoek (1883) stated that a sex-change occurs in O. edulis, 
and they based their conclusions on the occurrence of developing spermatozoa in 
individuals which had recently functioned as females. It has long been established 
that spermatozoa develop in oysters which still retain embryos or larvae in the 
mantle cavity, and which, therefore, had recently spawned as females, but it 
remained for Sparck (1925) to produce direct evidence of the change from male 
to female. By boring through the shells of male oysters, and re-boring them later, 
it was found that the spermatozoa had given place to eggs. Sparck is further of 
the opinion that external conditions play a big part in regulating the sex, and an 
alteration in the surrounding conditions results in an alteration of the kind of sex. 

In the Portuguese oyster, O. (Gryphaea) angulata, Amemiya (1925-6) found 
that after 75 individuals had been confined to a tank for a month, two had 
developed a hermaphrodite condition. He is of the opinion that in the oyster the 
genetic sex-determining mechanism, even though it may incline the future 
differentiation of the individual towards either the male or the female type of 
sexual organization, is not all-powerful; the sex of an individual is not irrevocably 
determined by this mechanism. In the two cases of hermaphroditism referred to 
above, the earlier phases of their gonadic differentiation were pursued under 
conditions of ample nutrition: such of the gonadic tissues as differentiated at this 
time therefore became ovarian tissues. When placed in the tank, however, where 
food was relatively scanty, the gonadic tissues which developed under these 
adverse conditions assumed the organization of testis. In other words, an abund- 
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ance of food leads to the development of the physiologically more expensive 
ovarian tissue, and a scarcity will tend towards the development of testicular 
tissue. 

Amemiya (1929) examined the gonads of one-winter individuals of O. gigas by 
boring through the shells, and repeated the operation when they had passed the 
second winter. Two batches were examined. In the first batch, examined in 1928 
(one-winter oysters), 119 were females and 58 were males. In 1929, the original 119 
females were found to consist of 82 females and 20 males; and of the 58 males, 32 
were found to be females, and 18 were males. In the second batch examined in 
1928 (one-winter oysters), 209 were females and 145 were males. In 1929, the 
original 209 females consisted of 85 females and 34 males; and of the 145 males, 
4$ were females, and 39 were males. In the first batch 29% had changed sex, and 
in the second, 23%. The sex-change amongst the total oysters examined was 25%. 

Amemiya considers it probable that at the beginning of every new spawning 
season, the sex differentiates independently of the sex of the preceding season, and 
that protandry does not occur. 

In the Bombay oyster (0. cucullata), Awati and Rai (1931) found that 
amongst normally healthy individuals 56% were females, and 41% were males, 
3% being hermaphrodite, while amongst those which were harbouring pea-crabs 
(Pinnotheres) in the mantle cavity, only 10% were females, and 838% were males, 
7% being hermaphrodite. It is thought that the pea-crab influences the change of 
sex either by reducing the food supply of the oyster, or by bringing about a change 
in its general metabolism. 

In view of the observations of the above-mentioned authors on the bearing 
which the abundance or paucity of food has on the sex-determination, I obtained 
several batches of oysters from various localities in an endeavour to discover 
whether the food supply has any influence on sex differentiation in O. commercidlis. 

On 17th March, 1931, I examined two batches of oysters from the Clyde River, 
one from a bed about 14 miles from the entrance, described by the Inspector of 
Fisheries as the finest growing and fattening ground in the river; the other from 
outside the bar entrance, where the salinity of the water is always high, and 
growth is very slow. In the first batch the females numbered 66%; the males 33%; 
and one was hermaphrodite; in the second batch the females were 65%, and the 
males 85%. It may be presumed that food is much more abundant on the bed 
where growth is very rapid than in the locality where growth is very slow, yet 
the percentage of females was practically the same. 

Again, on 25th March, 1931, I examined a batch of oysters from Burraneer 
Point, Port Hacking, where conditions are very unfavourable to oyster life. These 
oysters, although in most cases of considerable age, were small and stunted, with 
very hard shells. They were obviously growing where food is never abundant, yet 
65% of them were females, and 35% males. 

I have a further record of the sex of 100 oysters from Middle Harbour, Port 
Jackson, examined in 1922. Here, again, conditions are very much against rapid 
development, and the oysters rarely reach a marketable size, yet 64% of these 
were females, and 36% males. 

Here are records, then, of three batches of oysters from areas where the 
conditions are very adverse for oyster development, and presumably where the 
food supply is poor, and in each instance the females greatly outnumbered the 
males. If an abundance of food tends towards the development of femaleness in 
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this species, a preponderance of males would certainly be expected. On the 
evidence, therefore, it does not appear that the food supply has an influence on the 
sex-determination of O. commercialis. 


Sizes and Characteristics of Oyster Larvae at Various Stages of Growth. 

During the course of the investigation on the Hawkesbury River at various 
times from January to May, 1925, copious measurements were made of the oyster 
larvae taken in the plankton net. The net was 12 inches in diameter and the usual 
conical shape; the material used consisted of bolting silk, No. 16, containing 157 
meshes to the inch, which was the finest obtainable in Sydney. Unfortunately the 
mesh was not sufficiently fine to retain the early straight-hinge stages, so that 
there remains a gap between the largest of those raised by means of artificial 
fertilization and the smallest of those retained by the net. We have seen that the 
dimensions of the largest larvae developed by artificial fertilization were: Length, 
75u; depth, 584; hinge, 50u. The smallest larvae obtained in the plankton net 
measured 1454 long; 1334 wide; and hinge 754. From this size to that of the 
fully grown larva a complete gradation was obtained (P1. xxvi, fig. 34, a-e). Many 
hundreds of measurements were made by means of an ocular micrometer, using a 
2/3 inch objective. It was found that larvae of the same length exhibited minor 
variations in depth, hinge-line or umbo, much of which may be attributed to their 
lack of symmetry, which makes uniform orientation difficult. The differences, 
however, were very slight, and a sufficient number of individuals was examined to 
allow of a fairly accurate average being obtained. 

The measurements given in the following table range, by single micrometer 
units, from 18 units (1454) to 40 units (3334). 


Dimensions (in micra) of the Larvae of O. commercialis. 


Total Depth 


Length. including Hinge. Umbo. 
Umbo. 

75 58 50 
145 133 ae 
158 142 75 
166 145 ; 
175 159 8 
182 166 16 
192 i5 25 
200 182 25 
208 192 25 
216 200 25-33 
226 208 33 
239 216 23 
242 226 33-42 
250 233 42 
258 242 50 
266 250 58 
275 258 58 
283 25 58 
292 283 58 
300 300 58 
308 312-325 58-66 
312 342-350 58-66 
325 350-358 58-66 
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A series of measurements of the larvae of the American oyster (0. virginica) 
has been given by Stafford (1913); of the Japanese oviparous oyster (0. gigas) 
by Hori and Kusakabe (1926); and of the Japanese larviparous oyster 
(0. denselamellosa) by Seno (1929), For purposes of comparison they are shown 
in the following tables. 


Dimensions of O. virginica, in micra. Dimensions of O. gigas, in micra. 
Length. Depth. Hinge. Length. Depth. Length. Depth. 
ee |e ee o eS eee |e 

69 55 48 80 63 165 185 
76 62 48 90 50 180 200 
83 69 48 95 94 200 220 
89 76 48 100 107 220 240 
96 83 48 110 120 230 265 
103 89 48 120 132 270 280 
110 96 48 125 140 280 290 
117 96 55 143 160 

124 103 55 

131 110 48 

138 110 55 

145 117 55 

ue Woy 55 Dimensions of O. denselamellosa, in micra. 
159 131 55 

165 145 55 

172 148 55 Length. Depth. Length. Depth. 
179 152 55 

207 193 ———- 

241 221 

276 . 262 148 126 225 370 
310 290 235 198 347 370 
345 296 280 251 372 382 
379 345 295 251 403 387 
386 359 325 248 


A comparison of the length-depth ratio of the larvae of the four species 
shows certain interesting differences. In the case, first, of O. commercialis, we find 
that, up to 3004, the larvae are longer than deep; at 3004, the length and depth 
are equal; from about 300u until they set as spat, their depth is greater than their 
length. 

In O. virginica, it is seen that in all stages of development, from the youngest 
to the fully-grown larvae, the length is greater than the depth. 

A further striking contrast is seen in O. gigas, in which only the very youngest 
stages, i.e., those under 100 long, are longer than their depth; from the 1004 
stage till they set as spat, when they are 280u long, their depth is greater than 
their length. 

The measurements of O. denselamellosa, as given by Seno, show a variation so 
great, compared with the very small variations in the other species, that one is 
tempted to conjecture that either more than one species of Ostrea. or, perhaps, some 
other bivalve larvae, have been included in the measurements; or possibly that the 


1Stafford’s measurements are given in ocular micrometer units, each of which 
in terms of the stage micrometer is 69. His units, therefore, multiplied by 6:9, 
give their value in micra. 
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orientation of the larvae has been unsatisfactory. Up to a length of 2954 the 
length remains constantly greater than the depth, but of the two larvae recorded 
with a similar length of 3254, one has a height of 2484, and the other a height of 
370u. A difference in the height of 1224 in two individuals of the same species in 
which the length is the same is an extraordinary variation, anything approaching 
which does not appear ever to occur in O. virginica, and certainly does not in 
0. commercidlis. Stafford records a number of variations from his average measure- 
ments, and the greatest of them is a difference in the height of 27» in a larva 
whose length was 1384. The bulk of the variations, however, rarely exceed 6u. In 
my own measurements, it was exceptional to find a variation greater than 8u; the 
greatest variation was a difference in the height of 20” in a larva which measured 
258u in length. 

Summarizing the dimensions of the larvae of O. commercialis, O. virginica, 
and O. gigas, it may be said that O. commercialis is longer than deep in all but the 
latest stages of larval growth; O. virginica is always longer than deep; and O. gigas 
is deeper than long in all but the very earliest stages of larval life. 

Unfortunately, progressive measurements of O. edulis do not appear to have 
been recorded; they should prove highly interesting for comparison. Boury (1930) 
states, however, that they measure between 200u and 2304 long when they pass 
from the straight-hinge stage to the umbo stage. The proportions of a larva at the 
beginning of the free-swimming stage are: length, 100; height, 90; hinge, 45. 
Larvae in the straight-hinge stage varied from a length of 1654 and a height of 
152u, to a length of 229u and a height of 2034. In the umbo stage they varied 
from a length of 2004 and a height of 1834, to a length of 2754 and a height of 
260u. The larvae of O. edulis, therefore, resemble those of O. virginica in the 
respect that their length is always greater than their height. 

We are now in a position to compare the length of fully-grown larvae of the 
Australian oyster with those of other species. Marked differences obtain, as the 
following tabulated list shows: 


O. edulis (larviparous) .. .. .. 270 O. virginica (oviparous) ao oo Bein 
O. lurida (larviparous) .. .. .. 255p O. gigas (oviparous) .. .. .. 280u 
0O. denselamellosa (larviparous).. 380u 0O. commercialis (oviparous) .. 3304 


Measurements of the thickness of larvae are not easy to obtain on account 
of the difficulty of standing them on their edges. By manipulation with needles, 
however, I succeeded on several occasions in leaning the larvae in an almost 
vertical plane against other objects in the plankton, and obtaining measurements. 
They were found to possess very considerable thickness, much greater than was 
indicated when they were lying flat (Pl. xxvi, fig. 34, m). For instance, one 
individual 2304 long was 1754 thick; another, 3004 long was 208, thick; and a 
third 3124 long was 216y thick. 


Distribution of Laruae. 

The early stages of larval oysters are captured in abundance when towing the 
plankton net at the surface of the water; here, however, the catches of older larvae 
decrease in proportion to their size. Fully developed larvae and those approaching 
full development were found to be more abundant near the bottom. 

Oyster larvae, along with other matter suspended in the water, tend to collect 
in eddies, and I have repeatedly found that the best crops of oysters occur in 
situations where the currents, by the contour of the land, form eddies. Striking 
confirmation of this was obtained one afternoon when working on the Hawkesbury 
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River. During the morning a considerable quantity of fruit had been dumped over- 
board from a lighter, and in the afternoon was found to have collected in a small 
eddy opposite the boatshed in which I was working. I towed the plankton net for 
10 minutes over an oyster bed some distance from the eddy, and, after washing 
the contents of the net into a beaker, I returned and towed the net in the area 
where the fruit was floating. The number of oyster larvae obtained in the second 
haul was very much greater than that secured in the previous one. 

A study of currents and of the eddies formed by bays and headlands is of very 
great value in determining the location of good spatting grounds. Two of the most 
prolific spatting grounds in New South Wales are situated in Salamander Bay, 
Port Stephens, and in the bay east of the Hawkesbury River railway station. In 
the former, the water eddies strongly on the ebb tide, and in the latter on both 
flood and ebb tides. 

In New South Wales the best spatting grounds are found in the estuaries near 
the entrances of the rivers. Here, the salinity of the water is consistently high, 
and the water contains much less sediment in suspension; consequently, material 
in the water which offers a surface for the attachment of spat remains compara- 
tively clean. Oyster larvae cannot attach to a muddy or slimy surface. In such 
situations, however, the growth of spat is much slower than it is upstream, where 
the salinity is lower on account of the fresh water continually being received from 
the head of the river. As an instance of the effect of a higher salinity on the 
growth of oysters, an excellent example may be cited in the Hawkesbury River. 
In Cowan Creek, a tributary of the Hawkesbury River near its entrance into 
Broken Bay, the oysters, although occurring in most prolific crops, remain very 
stunted and rarely grow to a marketable size, even after many years. West of 
the railway crossing, however, where the effect of the fresh water from the source 
of the river and its numerous tributaries is continually felt on the ebb tide, growth 
is very rapid. If the stunted oysters from Cowan Creek are transferred to 
situations of lower salinity upstream they usually thrive and grow rapidly, 
provided that they are reasonably young when removed. The old, thick-shelled 
oysters from Cowan Creek rarely increase their size to any extent when transferred 
to other beds. 

Another striking example of the effect of a high salinity is to be found in Port 
Hacking, situated a little south of Port Jackson. The amount of fresh water which 
enters Port Hacking is negligible, and the oysters, although very abundant, rarely 
grow to marketable size. If, however, the younger individuals are transplanted in 
the George’s River, situated a few miles north, they quickly add to their shell 
growth, and in the course of eighteen months or two years develop into good 
marketable oysters. 

An oyster larva begins to feed when it becomes a trochophore. It is then a 
naked cluster of cells, and swims by means of cilia strongly developed on the 
anterior surface. When the larva is first enclosed within shells the hinge-line is 
straight or slightly concave. From then till the hinge is obscured by the umbos the 
larva is usually referred to as being in the straight-hinge stage. At first the larva 
is pale grey in colour and semi-transparent; it gradually develops a bluish tint 
towards the dorsal margin. It is now provided with an alimentary canal in one 
loop, consisting of a primitive mouth leading through a short oesophagus into the 
stomach, which is merely a dilation of the alimentary tract, and this constricts 
posteriorly to form the short intestine, ending in the anus. The digestive diverti- 
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cula shortly become apparent as yellowish or yellowish-brown cells partially 
surrounding the stomach dorsally. The ciliated end of the larva (anterior) has 
now developed into a contractile velum, the cilia of which are longer and stronger 
than in the embryo. The velum is withdrawn inside the shell when it is closed 
and expands and projects beyond it when the shell opens to allow the larva to swim. 

In O. commercialis the straight-hinge stage persists till the larva reaches a 
length of about 175y. From thence onwards the hinge begins to become obscured 
by the development of the umbos. In O. virginica the umbos begin to show 
prominently when the larva is 172u long (Stafford, 1913), and in O. gigas when it 
is 95u long (Hori and Kusakabe, 1926). Coincidental with the development of 
the umbos, another organ of locomotion, the foot, begins to show prominently 
within the shell. For some time after the foot becomes visible it does not appear 
to be protruded beyond the edge, but can frequently be seen to move within the 
shell. It is situated behind the velum and oesophagus and anterior to the posterior 
adductor muscle; ventrally it extends in an antero-posterior direction along the 
line of the thickened edge of the mantle. With the development of the umbos the 
opacity increases, due partly to the increased thickness of the shells and the 
enclosed tissues, and partly to the deposition of pigment. The adductor muscles, 
of which in the larva there are two, an anterior and a posterior, can now be 
distinguished, and the digestive diverticula have developed a brownish hue. 

The smallest stage at which I have seen the foot protruded beyond the shell is 
when the shell is 230u long (240u in O. virginica—Stafford). From thence till 
the larva settles down as spat the foot is used to enable it to crawl about. 

When the larva is fully grown, and is ready to attach to some object as a spat, 
its opacity has increased very greatly and it is heavily pigmented. The shell, 
viewed by reflected light, is bluish-brown in colour and of a horny consistency; 
it shows concentric lines of growth, the spaces between them becoming wider 
towards the growing edge; they vary in number from 9 to 12. When viewed by 
transmitted light, the general colour is a yellowish-brown. Closer colour analysis 
shows that the dorsal region, in the vicinity of the hinge and umbos where the 
digestive diverticula are situated, is very dark brown, the middle area of the larva 
is yellowish-brown, sometimes with a greenish tinge, and the ventral edge pinkish- 
brown. The adductor muscles are bluish-grey, and the anterior prolongation of 
the foot is pink. 

The mouth (Pl. xxvi, fig. 35, mo.) is situated between the velum and the foot; 
it leads by way of the ciliated oesophagus (@) into the stomach (s), which lies 
below the hinge and is elongated antero-posteriorly. The intestine (i) leaves the 
stomach near its posterior border on the left side, immediately coils upwards and 
extends anteriorly into the left umbo (1.u.), coiling downwards when near the 
edge of the shell, and then extending backwards with a deep ventral loop, termin- 
ating in the anus (a) situated above the posterior adductor muscle. The epithelium 
of the whole of the digestive tract is ciliated, that of the stomach more strongly 
than the rest. The thrust of the cilia causes the food to revolve in a counter- 
clockwise direction. The dark brown cells of the digestive diverticula (d.d.) now 
completely envelop the stomach, and extend dorsally into both right (r.u.) and 
left (lu.) umbos. The adductor muscles are oval in shape, the long diameter 
extending vertically; the posterior adductor (p.m.) is somewhat larger than the 
anterior (a.m.). 

The velum (v.) occupies practically the whole of the area between the anterior 
adductor muscle and the median vertical line, i.e., anterior to the oesophagus. The 
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cilia are extremely long and powerful, and can be plainly seen through the shell 
when it is folded at rest. When protruded and extended it opens up to form a 
large, oval pad, exceeding the greatest width of the opened shells when seen 
swimming towards the observers eye (PI. xxvi, fig. 84,1). The foot, when at rest, 
occupies the space between the posterior adductor muscle posteriorly and the 
oesophagus anteriorly, extending ventrally to the edge of the mantle (VI. xxvi, 
fig. 35, f.). It exhibits a pronounced prominence posteriorly, resembling somewhat 
the heel of the human foot, and the anterior prolongation extends forward in close 
proximity to the edge of the mantle, as far as the mouth. The velum is protruded 
much more frequently than the foot, and usually precedes the protrusion of that 
organ. Prior to the protrusion of the foot, it exhibits considerable movement 
within the shell, and the tip may be frequently projected and withdrawn. It gives 
the impression of great nervousness. When the whole of the foot is protruded 
beyond the shell (PI. xxvi, fig. 34, m), it stretches and becomes narrower as it 
extends; the tip fastens to the bottom and a sudden contraction draws the shell 
after it. By a continued repetition of this movement the larva is capable of 
crawling considerable distances. When fully extended the length of the foot is 
about equal to the length of the shell, 

On several occasions it was noticed that the foot enabled the larva to creep 
over the surface of the watch-glass in which it was being observed, by the contact 
of the cilia on the base of the foot with the bottom, the movement of the larva 
in this case being a slow and even progression forwards, as distinct from the 
rather violent jerks which ensue from the contraction of the foot when the tip 
is attached to the glass. 

The foot is ciliated over the whole of the protrusible surface, the cilia along 
the ventral surface being larger and stronger than those elsewhere. There is a 
median groove on the ventral surface (L). The upper half of the portion pro- 
truded beyond the shell is pale magenta in colour; the lower half is pale yellowish- 
brown. 

When the valves of the shells open the right and left mantle-folds extend 
to their edges, and are withdrawn a short distance within the shell when they 
close, the thickened edge of the mantle (PI. xxvi, fig. 35, mn) showing as a well 
defined line extending from the anterior edge of the anterior adductor muscle to 
the posterior edge of the posterior adductor. 

Conspicuous in the advanced stages of larval life are two very dark, almost 
black, pigment spots (otocysts, 0), one on each side about the centre of the 
larva. 

Toward the end of larval life the gills (g) begin to make their appearance, 
and may be distinguished in the posterior half of the larva as a transversely 
ridged band extending from behind the pigment spot downwards and backwards, 
terminating below the posterior adductor muscle. They are broadest anteriorly, 
and taper uniformly towards the posterior extremity. 

When the velum and foot, or velum alone, are protruded the organs situated 
above them are pulled downwards an appreciable distance, the stomach then 
occupying the central region of the body. 

The younger larvae are continually on the move from the bottom to the 
surface of the water, but as they become older they come to the upper layers 
with less frequency. Currents, however, carry them backwards and forwards and 
it is impossible to say where the progeny of any oysters will settle down as 
spat. Having completed its cycle as a free-swimming organism, the larva must 
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come in contact with some clean, firm surface, or within a short time, stated 
by T. C. Nelson (1921) to be about two days, it will usually die. Wells (1926) 
has recorded that when raising oyster larvae to the setting stage by means of a 
milk separator, a few were found which developed into perfectly healthy oysters 
without attachment, although there was plenty of material for them to attach 
to. The power of attachment appeared to be weakened or lost. 

It appears to be characteristic of oysters everywhere that far greater numbers 
attach to the under surfaces of objects in the water than to the upper. This 
obtains in New South Wales, and care is always taken when laying out cultch 
to see that it is not placed verticaily. Stone slabs may be leaned one against 
the other like an inverted V, or they may be stuck into the mud at an angle of 
about 45°. When mangrove sticks are nsed they may be bunched at an angle or 
laid horizontally. A reason for this peculiarity of the disposal of the young 
spat may be found in the fact that the upper surfaces of submerged objects quickly 
become coated with sediment, and that the heat of the sun’s rays proves too 
severe for many of those spat that do attach to the upper surfaces of objects in 
the tidal zone. There is abundant evidence that the heat of the sun on a hot 
summer’s day does occasionally kill considerable quantities of oysters in New 
South Wales, and it is only reasonable to expect that the newly attached spat, 
which, up to the time when they attach themselves, have spent the whole of 
their existence in the water where extremes of temperature such as are met 
with on the foreshores are not encountered, will be particularly susceptible to 
undue heat. Mangrove sticks, when used for the purpose of catching spat, are 
always bunched closely together, and are later (usually in the spring following 
attachment) transferred to beds where growth is more rapid; on these beds the 
sticks are stuck into the mud in an upright position a foot or two apart. Now, 
the greatest crops are always obtained on the inner layers of sticks, which are 
more or less sheltered from the sun’s rays by the outermost sticks. Experience 
has shown that if these sticks are separated during the hot summer months, 
exposure to the sudden heat frequently proves fatal to many of the oysters, which 
have had no opportunity of acclimatizing themselves to such a temperature. For 
this reason, an effort is always made to transfer the sticks before the hot weather 
sets in. 

It is at first sight rather surprising that more larvae should attach to the 
lower surface than to the upper, in view of the support which the upper surface 
provides, as against the necessity of clinging firmly and securely to the lower 
surface. It is not improbable, I think, that far greater numbers of fully grown 
larvae do alight on the upper surface than actually attach to it, and that they 
then crawl about in an endeavour to get beneath the object they alight on. 
If the surface is of too great an area, they can still swim in search of a more 
favourable object. In other words, I am firmly of the opinion that the larvae 
to some extent at least select the location of their attachment. Frequently, when 
I have laid out oyster shells to catch a set of spat, I have found that the majority 
were located in depressions, such as the indentations between the teeth along 
the inner margins of the shells. In such situations a certain amount of protection 
against abrasion is afforded when the shell is moved by tides and currents. 

Then, too, there is a considerable discrimination exercised in the choice of 
material to which attachment is effected. The nature of the surface plays an 
important part in regulating the attachment. For instance, if the sticks of 
the Black Mangrove (Aegiceras majus), the White Honeysuckle (Banksia integri- 
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folia) and the Swamp Oak (Casuarina glauca) are laid out on the same bed, by 
far the greatest numbers of spat will attach to the Mangrove, which has a smooth, 
firm bark, while those of the Honeysuckle and Oak are rougher and more broken. 

Still another factor appears to play a part in influcucing the larva to seek 
the lower surface of an object for attachment. When nearing the completion of 
its development it exhibits a negative phototaxis. At this stage there appears on 
each side near the centre of each half of the mantle a dark pigment spot known 
as the pallial eye. “This spot”, states Nelson (1925), “although unable to form 
an image like a true eye, is sensitive to light. Experiment shows that larvae 
which possess the pallial eye are sensitive to light, whereas those that do not 
are insensitive to normal illumination. In the presence of light the ‘eyed’ larvae 
of the oyster are stimulated and continue moving until they get into a shaded 
place, when they become quiescent. Since the pallial eye develops within 24 hours 
of the time of attachment, it follows that setting during the daylight hours is 
profoundly influenced by light. Since the larvae at the setting stage are active 
while exposed to light, it follows that during the day they would tend to collect 
in shaded places such as the under sides of shells, and such has been found to be 
the case.” 

The method of fixation has been actually observed by T. C. Nelson. It had 
long been maintained that the substance which cemented the larval shell to the 
object of attachment was secreted by the edge of the mantle. Stafford (1913), 
however, questioned the validity of this opinion, mainly because the mantle edge 
was engaged in the secretion of material for shell growth, and because of the 
‘insurmountable difficulty in the bringing of the mantle margins far enough outside 
of the shell to be applied to the proper spot”. Examination of sectioned larvae 
disclosed a byssus gland, capable of secreting matter that might be used in 
fixation, situated in the heel of the foot, which is capable of bringing the mouth 
of the gland to the necessary area on the outside of the shell. This byssus 
gland was found by Stafford to occupy, in fully grown larvae, a considerable portion 
of the inside of the foot; it consists of a median and two lateral lobes, with 
a main duct running through the median portion and continuing to the external 
opening at the end of the heel. In the youngest spat, on the other hand, the byssus 
gland is relatively inconspicuous, and its cells shrunken and collapsed. Clearly, at 
the time of fixation it has functioned very actively. Stafford further reasoned that, 
when secreting the cementing substance, the foot is thrust forwards and upwards 
until the point of the heel, on which the duct of the byssus gland opens, comes 
to the area of contact, and then the secretion is poured out, flowing between the 
shell and the substratum, until fully discharged, when the foot is withdrawn. 

Nelson (1924) confirmed Stafford’s contention that the cementing material 
is secreted by the foot, for he was able to watch the whole process in larvae that 
were crawling about on a piece of glass. He found, however, that the use of 
the foot differed somewhat from Stafford’s conjecture. With the foot half extended 
and pointing directly away from the shell, its distal end flattened in contact with 
the glass, the left valve was held inclined to the glass at an angle of about 30 
degrees. In this position the ventral edge of the shell almost touched the sub- 
stratum. The ventral border of the mantle was extended until it came in contact 
with the glass where it remained for two minutes, and was then withdrawn. 
The foot was then slowly drawn in. “The extrusion of the mantle for a short 
period”, Nelson states, “evidently aids in the quick and economical distribution 
of the cementing fluid as it is poured out of the byssus gland at the ventral edge 
of the left valve. The secretion hardens in less than 10 minutes.” 
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The angle of attachment of O..commercialis corresponds with Nelson’s estimate 
of the angle in O. virginica. A number of measurements with a goniometer 
eyepiece showed that the median line of the spat, i.e., the line of apposition of the 
right and left valves, lies at an angle varying from 27 to 32 degrees, while the 
angle of the upper surface of the right valve lies at an angle of about 56 degrees 
(P1. xxvi, fig. 34, J). The average depth of newly attached spat of 0. commercialis, 
i.e., the distance between the furthest edges of the right and left valves, is 216x. 

A note on the distribution of the larvae of O. edulis is given by Boury (1930), 
who states that during the day the larvae are found very near the surface when 
the water is calm, but that they sink to the bottom when the water is slightly 
agitated. At all stages of development the distribution remains the same. 

A large amount of investigation has been carried out by American workers 
on the distribution of the larvae of O. virginica at various stages of their growth. 
T. C. Nelson (1925), for instance, found that in Barnegat Bay, New Jersey, the 
larvae rise during the flood tide and sink close to the bottom during the ebb. 
During the flood tide the heavier water of relatively high density creeps along 
the bottom while the lighter water of lower density remains above. In the zone 
of transition from the water of higher density to that of lower density, lying on 
the surface of the layer of dense water, the larvae of the oyster are found in 
relatively enormous numbers. By lowering or raising the infake of the hose 
used to pump the water through a plankton net a distance of a few centimetres, 
the oyster larvae may increase from a few dozen to thousands per hundred litres 
of water. By the beginning of the ebb tide or soon afterwards the two layers 
become mixed from top to bottom, when the larvae are found in greatest abundance 
close to the bottom, or actually on the bottom itself. 

Prytherch (1928) found that in Milford Harbour, Connecticut, oyster larvae 
are most abundant at the time of low slack water, and when the flood tide develops 
a velocity of 0-6 foot per second, practically all the larvae sink to the bottom. 

The majority of oyster larvae produced by the spawning beds in Milford 
Harbour are found to remain and set within 300 yards of its centre. This is 
accounted for by the oyster larvae remaining on the bottom during the greater 
part of the larval period and limiting their swimming activities to the time of 
slack water. 

Setting or attachment of larvae was found to take place during low slack 
water and continued until the flood tide had developed a velocity of 0-33 foot 
per second, or 20 feet per minute. 

Prytherch states that oyster larvae are not widely distributed by tides and 
currents. 

A much wider distribution by tides and currents appears to obtain with the 
larvae of the Australian oyster, and their concentration does not appear to be 
confined to the close proximity of the spawning beds, but rather do the larvae tend 
to become widely distributed, and, as has been stated previously, to concentrate 
in eddies, which may be far removed from the region of the parent oysters. 
Illustrations of this may be seen in the prolific spat-catching grounds east of the 
railway station in the Hawkesbury River, and in Salamander Bay, Port Stephens. 
Before the introduction of mangrove stick cultivation into the Hawkesbury River 
the ground referred to was bare of oysters; when, however, large quantities of 
bundled sticks were laid out on the flat, a prolific crop of oysters was obtained. 
In Salamander Bay, the sticks, when first laid out, were far removed from any 
oyster beds, yet here again the initial crop was extremely heavy, and it has been 
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prolific during almost every season since, despite the fact that practically all of 
the spat are transferred to other beds, several miles distant, before they have 
had an opportunity of spawning in Salamander Bay. 

After the attachment of the larva as a spat, shell growth becomes much more 
rapid. In the early stages concentric lines of growth are clearly visible, and 
the deeply convex larval shell appears to lie on the flatter spat shell like a hood. 
The larval shell persists for a considerable time before becoming worn off by 
erosion. 

Anatomical Reorganization after Fixation. 

Immediately after the larva attaches itself to become a spat, marked changes 
begin to occur in its anatomy. These have been well described by Stafford (1913) 
and will be only briefly referred to here. A general rotation of the soft parts 
within the shell takes place rapidly. The anterior adductor muscle moves upwards 
and backwards and quickly disappears; the posterior adductor moves downwards 
and enlarges. Accompanying these muscle movements, the other organs of the 
young spat move from left to right round the persisting adductor muscle, and 
the whole axis of the spat is changed. The hinge no longer lies dorsally in 
relation to the soft parts, but comes to lie anterior to them; the mouth, for 
instance, instead of lying near the edge of the shell farthest removed from the 
hinge, in young spat assumes a position below and behind it. As the spat 
shell develops, the larval shells persist for a considerable time like a hood on 
each side of the hinge. The velum and foot, no longer of use, are quickly 
absorbed. Palps develop as a ventral extension of the tissues lying above the 
anterior extremity of the oesophagus, and the gills extend from the base of the 
palps to the postero-dorsal border. In very young spat the gills consist only of 
right and left hemibranchs, the left of much greater depth than the right. 

In spat which have attached to glass the movements of the animal within 
the shell can be clearly followed. The pulsations of the heart are more rapid 
than in adult oysters and they increase as the temperature rises. When the shells 
are closed the heart ceases to beat, and the cilia of the gills cease to vibrate. 
Within the mantles, right and left, the movement of the blood cells can be clearly 
geen; they are not enclosed in blood sinuses, but move backwards and forwards in 
a course which is fairly constant in its direction. 


Occurrence of the Parasite Bucephalus in the Gonad. 

During the course of my examination of the gonads of several thousand 
individuals of O. commercialis, I have found five infected with Bucephalus, the 
cercaria of Gasterestomum, a trematode parasite which in the adult stage is found 
in certain species of fish. Two of these oysters were taken from the Hunter River 
(1927), one from the Hawkesbury River (1927) and two from Cape Hawke (1932). 
I had previously, in 1924, found the parasites in the gonad of O. angasi, taken 
from the Pambula River. The gonad in each case contained either no sexual 
products or a few degenerating eggs. 

In Europe two species of Gasterostomum have been recorded, G. gracilescens 
and G. fimbriatum. According to Dollfus (1922) the former develops cercaria 
(known as Bucephalus haimeanus) in the liver (digestive diverticula) and genital 
organ of Ostrea, Cardium, Tapes, etc.; the cercariae leave these molluscs and 
enter various species of fish, such as the haddock, whiting, cod, garfish, etc., 
where they encyst; if these fish are eaten by an angler-fish the larva emerges 
from its cyst in the intestine and becomes an adult Gasterostomum. G. fimbriatum 
is confined to fresh water; the larvae enter mussels (Unio, Anodonta) in which 
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they develop into cercariae; known as B. polymorphus; from the mussels they enter 
the rudd (Leuciscus erythrophthalmus) where they encyst, and they reach the 
adult stage in Perch (Perca) and Pike (Hsoxz). Dollfus states that the ravages 
of the worm in the European oyster are inconsiderable. 

In America, J. Nelson (1914) states that Bucephalus infests about 1 per cent. 
of oysters (0. virginica). It is apparently far less common in the- Australian 
oyster. Just what fish form its intermediate and final hosts in Australia I am 
unable to say. 


Summary. 

1. The position of the urino-genital clefts of Ostrea commercialis and O. edulis 
is compared. 

2. The relationship of the gonad to the digestive and other organs is 
described. 

3. The gonoducts open into the urino-gerital cleft on each side slightly 
anterior to the opening of the ureter; they are in close apposition with the 
visceral nerves (right and left) and are surrounded by sphincter muscle fibres 
where they enter the clefts. 

4. The development of spermatogonia, spermatocytes and spermatozoa, and 
of ova, from the germinal epithelium of the germinal ducts is described. As the 
germ cells proliferate in the ducts, the latter evaginate into the vesicular con- 
nective tissue internal to them, to form branching and anastomosing follicles. 

5. As the gonad continues to develop, the ducts tend to coalesce with their 
neighbours. In a mature ovary or testis the vesicular connective tissue below 
the ducts is almost completely absorbed, and that lying between the ducts and 
the surface epithelium becomes reduced to a very narrow layer. 

6. The head of the sperm of O. commercialis is spherical and measures 2u 
in diameter; the tail is about 42u long. The eggs are round, oval, or more 
commonly pear-shaped; they average about 0:05 to 0:06 mm. in diameter, but may 
occur up to 0-09 mm. 

7. Conspicuous amongst the cells of the ciliated epithelium of the germinal 
ducts are commonly found large, unciliated cells with granular contents, which 
stain deeply with eosin and other acid stains. These cells have a secretory 
function and may at times be seen emptying their granular contents into the 
lumen of the duct. They are most numerous in spawned oysters. Their function 
has not been determined. 

8. The absorption of eggs and sperms which remain in the gonad after an 
oyster spawns is described. Their place is taken by condensed vesicular tissue, 
which then continues to grow by absorbing nourishment from the blood stream 
till it assumes the large bladder-like structure of normal vesicular tissue 
characteristic of this region. 

9. The spawning of the oyster is described. O. commercialis was found to 
spawn on the ebb tide following a high spring tide (new moon). The temperature 
of the water was 68° F., and the density 1-020. 

10. The rate of development of artificially fertilized eggs was found to 
decrease as the density of the water was lowered. 

11. At a water density of 1-005 a large proportion of the eggs remained 
unfertilized, and in no case did development occur beyond the morula stage. 

12. At a temperature varying from 68° F. to 70° F. and with a density of 
1:021, the free-swimming stage was reached in 7 hours. 
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13. The embryos are completely enveloped in shells in 34 hours at a tempera- 
ture of 68°-70° F. 

14. Oyster embryos, 24 hours after fertilization of the eggs, were timed to 
swim at the rate of 39 inches per hour. 

15. At an average temperature of 78° F. the embryos began to swim as 
trochophores in 6 hours; at an average tempcrature of 62° F. the same stage 
was not reached until 22 hours after fertilization. 

16. An attempt was made to compute the length of larval life by measuring 
the larvae taken in the plankton net daily, but at no period during these 
investigations was there a dominant size-group. 

17. The sex-ratio of 3,000 oysters from the principal oyster-bearing grounds 
of New South Wales was determined. Females were found always to predominate, 
varying from 54 per cent. to 88 per cent. The average percentage was: females, 
73 per cent.; males, 27 per cent. In other words, there were 2:7 times as many 
females as males. 

18. A sex-change is indicated in this species by the fact that practically 
all, if not all, young oysters spawn for the first time as males. No opportunity 
was afforded, however, of following the subsequent stability, or instability, of 
the sex. 

19. A total of nine oysters was found (of various ages from 1 to 3 years) 
which contained both ova and sperms in the gonad. The histology of five of 
these is described. 

20. The determination of sex in this oyster does not appear to be governed 
by the amount of food available, as has been suggested for other oviparous oysters. 

21. Progressive measurements of the larvae are given, and the proportions 
of the larvae at various stages of growth are compared with those of other 
species whose dimensions have been recorded. Up to 300u, the larvae of this 
species are longer than deep; at about 300u, the length and depth are equal; from 
3004 till they set as spat, their depth is greater than their length. 

22. When fully grown the larva measures about 3334 (1/76 of an inch). 

23. Young larvae are found in abundance at the surface of the water; 
older larvae tend to remain near the bottom. 

24. Oyster larvae, along with other organisms in the plankton, tend to 
collect in eddies, and the best spat-catching grounds are those over which the 
water is caused to eddy by the contour of the land and the tidal flow. 

25. More spat attach to the under surfaces than to the upper surfaces of objects 
in the water, and in water of high salinity than in water of low salinity. 

26. The anatomy and movements of the larva are described. 

27. The occurrence of the parasite Bucephalus, the cercaria of Gasterostomum, 
a trematode parasite which in the adult stage is found in certain species of 
fish, is recorded from the gonad of five individuals of this species, and of one 
from O. angasi. 

References. 
AMbpMiIyA, I., 1926.—Hermaphroditism in the Portuguese Oyster. Proc. Roy. Phys. Soc. 

Edinburgh, Vol. 21, Part 2. 

,1926a.—Notes on Experiments on the Early Developmental Stages of the 
Portuguese, American and English Native Oysters, with Special Reference to the 
Effect of Varying Salinity. Journ. Mar. Biol. Assoc., N.S. Vol. 14, No. 1, 1926. 

, 1928.—Ecological Studies of Japanese Oysters, with Special Reference to the 
Salinity of their Habitats. Journ. Coll. Agric. Imp. Univ. Tokyo, Vol. 9, No. 5, 1928. 


,1928a.—A Preliminary Note on the Sexuality of a Dioecious Oyster (O. gigas, 
Thunberg). Jap. Journ. Zool., Vol. 2, No. 1, Tokyo, 1928. 


328 LIFE HISTORY OF THE AUSTRALIAN OYSTER, 


Amemiya, I., 1929.—On the Sex-change of the Japanese Common Oyster, Ostrea gigas, 
Thunberg. Proc. Imp. Acad., Vol. 5, No. 7, Tokyo, 1929. 

Awatl, P. R., and Rar, H. S., 1931.—Ostrea cucullata (the Bombay Oyster) Indian Zool. 
Memoir, No. 8, Lucknow, 1931. ; 

BoucHON-BRANDELY, G., 1882.—De la Sexualité chez lHuîftre Ordinaire (O. edulis) et 
chez lHuître Portugaise (O. angulata). Compt. Rendus Acad. Sci. Paris, Vol. 95, 3 
1882. 

Boury, M., 1930.—Recherches sur la Reproduction des Huîtres Indigènes dans le 
Morbihan. Revue des Travaux de VOffice des Pêches Maritimes, Vol. 3, No. 1, 1930. 

Brooks, W. K., 1879.—Abstract of Observations upon the Artificial Fertilisation of 
Oyster Eggs and the Embryology of the American Oyster. Amer. Journ. Sci., 
New Haven, Vol. 18, Dec., 1879. 

, 1880.—The Development of the Oyster. Studies from the Biological Labora- 
tory, Johns Hopkins University, Baltimore, Vol. 1, No. 4. 

CHURCHILL, E. P., 1919.—The Oyster and the Oyster Industry of the Atlantic and Gulf 
Coasts. U.S. Bur. Fish., Doc. No. 890. App. 8 to Rept. U.S. Comm. Fish., 1919. 
CHURCHILL, E. P., and GUTSELL, J. S., 1919.—Investigations of Oyster Larvae in Great 

South Bay. Unpub. Manus. U.S. Bur. Fish., 1919. 

Costs, J. J., 1858.—Voyage d’Exploration sur le littoral de la France et de l'Italie. 
(Translated extracts in Rep. U.S. Fish. Comm., 1880.) 

DANTAN, J. L., 1912.—Le Fonctionnement de la Glande Génitale chez l’Ostrea edulis 
et le Gryphaea angulata. Compt. Rend. Acad. Se., Vol. 155, 1912. 

,1913.—La Fécondité de l’Ostrea edulis. Comp. Rend. Acad. Kc., Vol. 157, 1913. 

DAVAINE, C., 1852.—Recherches sur la Génération des Huitres. Compt. Rend. Mem. Koc. 
Biol. Paris, Vol. 4, 1852. 

DEAN, BASHFORD, 1891.—Report on the European Methods of Oyster Culture. Bull. U.S. 
Fish. Comm., Vol. 11. 

Doutrus, R. P., 1922.—Résumé de nos principales connaissances pratiques sur les 
Maladies et les Ennemis de l’Huitre. Notes et Mémoires, No. 7, 2nd Edition, Office 
Scientifique et Technique des Pêches Maritimes. Paris. 

GALTSOFF, P. S., 1926.—Spawning Reactions of the American Oyster. (Abstract) Anat. 
Rec., Vol. 34, No. 110. 

.1930.—The Rôle of Chemical Stimulation in the Spawning Reactions of Ostrea 
virginica and Ostrea gigas. Proc. Nat. Acad. Se., Vol. 16, No. 9, 1930. 
, 1930a.—The Fecundity of the Oyster. Science, Vol. 72, No. 1856, 1930. 

GUTSELL, J. S., 1921.—The Oyster Spawning-setting Season of 1921 in Great South Bay, 
Long Island. Unpub. Manus. U.S. Bur. Fish., 1921. 

HAGMEIER. A., 1916.—Ueber die Fortplanzung der Auster und die Fiskalischen Austern- 
banke. Wiss. Meeresunters., N. F. Abt. Helgoland 11, Kiel and Leipzig. 

Horex, P. P. C., 1883.—De Voortplantingsorganen van de Oester. Tydschr. Nederl. Dierk. 
Ver., Suppl. Deel 1, Leiden. 

Hori, J., 1926.—Notes on the Full Grown Larva and the Spat of the Japanese Common 
Oyster, Ostrea gigas, Thunberg. Journ. Imp. Fish. Inst. Tokyo, Vol. 21, No. 1, 1926. 

Hori, J., and KUSAKABE, D., 1926.—Preliminary Experiments on the Artificial Culture 
of Oyster Larvae. Journ. Imp. Fish. Inst., Vol. 22, No. 3, 1926. 

, 1927.—On the Artificial Culture of Oyster Larvae (II). Journ. Imp. Fish. 
Inst. Tokyo, Vol. 23, No. 3, 1927. 

Horst, R., 1882.—Contribution to our Knowledge of the Development of the Oyster. 
Bull. U.S. Fish. Comm., 1882 (1883). 

, 1884.— The Development of the Oyster (O. edulis). Bull. U.S. Fish. Comm. 
1884 (1886). i 

Huxuey, T. H., 1883.—Oysters and the Oyster Question. Eng. Illus. Mag., Oct. and 
Nov., 1883. 

Jackson, R. F., 1888.—Catching Fixed Forms. Science, Vol. 11, No. 275, 1888. 

,1889.—The Development of the Oyster, with Remarks on Allied Genera. Proc. 
Boston Soc. Nat. Hist., Vol. 23. 

KELLOGG, J. L., 1890.—A Contribution to our Knowledge of Lamellibranchiate Mollusks. 
Bull. U.S. Fish. Comm., Vol. 10, 1890. 

Lacaze-DuTHIERs, H. pr, 1854.—Recherches sur les Organes Génitaux des Acephales. 
Ann. Sci. Nat. Paris, Series 2, Vol. 4. 

————, 1855.—Les Organes de la Génération de l’Huitre. Compt. Rend. Acad. Sci. 
Paris, Vol. 40. 


BY T. © ROUGHELEY. 329 


MAzZARBLLI, G., 1922.—-Note sulle Biologia dellOstries (Ostrea edulis, la). Nascite delle 
Larva e Durata del Periodo Larvale. Bolt. Soc. Nal. Napoli, Vol. 34. 

Mésius, K., 1871.—Untersuchungen uber Fortpflanzungsverhaltnisse der Sechleswigschen 
Austern. Nachrichtsbl. Deutsch. Matak. Ges. Frankfurt, 1871. 

,1877.—Die Auster und die Austernwirthschaft. Berlin (Trans. in Rep. U.S. 
Fish. Comm. 1880). 

NELSON, J., 1890.—Report New Jersey Agric. Exp. Station. 

,1900.—Renport New Jersey Agric. Exp. Station. 

, 1908.—Report New Jersey Agric. Exp. Station. 

,1911.—Report New Jersey Agric. Exp. Station. 

,1912.—Report New Jcrsey Agric. Exp. Station, 

,1914.—Report New Jersey Agric. Exp. Station. 

,1915.—Neport New Jersey Agric. Exp. Station. 

,1917.—An Investigation of Oyster Propagation in Richmond Bay, Prince 
Edward Island, during 1915. Contrib. to Canadian Biol. 1915-16. In Dept. Naval 
Service, 6th Rept. Ottawa; Suppl. 

NELSON, T. C., 1916.—Report New Jersey Agric. Exp. Station. 

, 1921.—Aids to Successful Oyster Culture. Bull. 351, New: Jersey Agric. Esp. 
Stat. 

,1921a.—Report New Jersey Agric. Exp. Station. 

,1922.—Report New Jersey Agric. Hap. Station. 

,1924.—The Attachment of Oyster Larvae. Biol. Bull., Vol. 46, No. 3, 1924. 

, 1925.— Report New Jersey Agric. Exp. Station. 

, 1926.— Report New Jersey Agric. Exp. Station. 

,1927.—Report New Jersey Agric. Exp. Station. 

,1928.—On the Distribution of Critical Temperatures for Spawning and for 
Ciliary Activity in Bivalve Molluscs. Science, Vol. 67, No. 1730, 1928. 

, 1928a.—Relation of Spawning of the Oyster to Temperature. Ecology, Vol. 9, 
No cp 1928. 

, 1929.—Report New Jersey Agric. Exp. Station. 

ORTON, J. H., 1920.—Sea Temperature, Breeding and Distribution in Marine Animals. 
Journ. Mar. Biol. Assoc., N.S. Vol. 12, No. 2, 1920. 

, 1921.—Sex-change in the Native Oyster (O. edulis). Nature, Vol. 107, 1921. 

,1921a.—An Oyster Spat (1921) with Mature Male Sexual Products. Nature, 
Vol. 108, 1921. 

,1922.—The Phenomena and Conditions of Sex-change in the Oyster, O. ediilis, 
and Crepidula. Nature, Vol. 110, 1922. 

,1924.—Sex-change and Breeding in the Native Oyster, O. edulis. Nature, 
Vol. 114, 1924. ; 

, 1925.—The Production of Oysters (O. edulis) on English Beds in Relation to 
New Observations on Breeding Phenomena. Nature, Vol. 116, 1925. 

, 1926.—On Lunar Periodicity in Spawning of Normally Grown Falmouth Oysters 
(O. edulis) in 1925, with a Comparison of the Spawning Capacity of Normally Grown 
and Dumpy Oysters. Journ. Mar. Biol. Assoc., N.S. Vol. 14, No. 1, 1926. 

,1926a.—Can Portuguese Oysters be Produced on English Oyster Beds by 
Artificial Fertilisation in the Sea? Nature, Vol. 117, 1926. 

, 1927.—Researches on Sex-change in the European Oyster. Nature, Vol. 119, 

IAs 

, 1927a.— Observations on the Fal Estuary Oyster Beds During 1926. Journ. 
Mar. Biol. Assoc., Vol. 14, No. 4, 1927. 

, 1927b.— Observations and Experiments on Sex-change in the European Oyster, 
O. edulis. Part 1. Journ. Mar. Biol. Assoc., N.S. Vol. 14, No. 4, 1927. 

, 1929.— Oyster Cultivation and Related Researches in the British Isles. Nature, 
Vol 123, 1929 

ORTON, J. H., and AwatTi, P. R., 1926.—Modification by Habitat in the Portuguese Oyster 
(Ostrea [Gryphaea] angulata). Journ. Mar. Biol. Assoc., N.S. Vol. 14, No. 1, 1926. 

PETERSEN, C. G. J., 1907.—Studier over Ostersfiskeriet og Ostersen i Limfjorden. Rept. 
Danish Biol. Stat., Vol. 17, 1907. 

PRYTHERCH, H. F., 1923.—Experiments in the Artificial Propagation of Oysters. Appendix 
xi. Rep. U.S. Comm. Fish., 1923, Bur. Fish. Doc. No. 961. 

, 1928.—Investigation of the Physical Conditions Controlling Spawning of Oysters 
and the Occurrence, Distribution, and Setting of Oyster Larvae in Milford Harbour, 
Connecticut. Bull. U.S. Fish. Bur., Vol. 44, 1928. Doc. No. 1054. 


330 LIFE HISTORY OF THE AUSTRALIAN OYSTER, 


RoucGHuey, T. C., 1925.—The Birth and Growth of an Oyster. Aust. Mus. Mag., Vol. 2, 

No. 6, April-June, 1925. l j i 

, 1926.—An Investigation of the Cause of an Oyster Mortality on the George’s 
River, N.S.W., 1924-5. Proc. Linn. Soc. N.S.W., Vol. 51, Part 4, 1926. 

, 1928.—The Dominant Species of Ostrea. Nature, Vol. 122, No. 3074, Sept. 29, 
1928. 

SAVILLE-KENT, W., 1890.—Notes on the Embryology of the Australian Rock Oyster 
(Ostrea glomerata [commercialis]). Proc. Roy. Soc. Queensland, Vol. 7, Part 1, 
1890. 

SENo, H., 1929.—A Contribution to the Knowledge of the Development of Ostrea densela- 
mellosa, Lischke. Journ. Imp. Fish. Inst., Vol. 24, No. 5, 1929. 

Seno, H., Hori, J., and KUSAKABE, D., 1926.—Effects of Temperature and Salinity on the 
Development of the Eggs of the Common Japanese Oyster, Ostrea gigas, Thunberg. 
Journ. Imp. Fish. Inst., Vol. 22, No. 3, 1926. 

SpArckK, R. 1922.—The Conditions of Sex-change in the Oyster, O. edulis. Nature, 
MoM T922 

, 1925.—Studies on the Biology of the Oyster (O. edulis) in the Limfjord, with 
Special Reference to the Influence of Temperature on the Sex-change. Rep. Danish 
Biol. Stat., Vol. 30, 1925. 

STAFFORD, J., 1905.—On the Larva and Spat of the Canadian Oyster. Amer. Nat., Vol. 
39, No. 457, 1905. 

,1907.—On the Fauna of the Atlantic Coast of Canada. Contrib. to Canadian 
Biol., 1906-1910 (1907). 

, 1909.—The Larva and Spat of the Canadian Oyster. Amer. Nat., Vol. 43, 
No. 505, 1909. 

„ 1909a.—On the Recognition of Bivalve Larvae in Plankton Collections. Contrib. 
to Canadian Biol., 1906-1910. Ottawa, 1912. 

,1913.—The Canadian Oyster. Comm. of Conservation, Ottawa, 1913. 

,1913a.—The Native Oyster of British Columbia (Ostrea lurida, Carpenter). 
Rep. B.C. Comm. Fish., 1918. ; 

,1917.—The Native Oyster of British Columbia (Ostrea lurida, Carpenter). 
Rep. B.C. Camm. Fish., 1917. 

TENISON-Woops, J. E., 1883.—Fish and Fisheries of New South Wales. Sydney: Gov. 
Print., 1883. 

,1888.—On the Anatomy and Life History of Mollusca Peculiar to Australia. 
Journ. and Proc. Roy. Soc. N.S.W., Vol. 22, 1888. 

WELLS, W. F., 1925.—A New Chapter in Shellfish Culture. 15th Annual Rep. Conserv. 
Comm. State of New York, U.S.A., 1925. 

, 1926.—Report of Experimental Shellfish Station. 16th Annual Rep. Conserv. 
Comm. State of New York, U.S.A. 

YONGE, C. M., 1926.—The Digestive Diverticula in the Lamellibranchs. Trans. Roy. Soc. 

Edinburgh., Vol. liv, Part 3 (No. 15). 


EXPLANATION OF PLATES X-XXVII. 
Plate x. 
1.—Oyster (O. commercialis) with spawn oozing from the gonoduct, situated beneath 
the adductor muscle. 
2.—Oyster with gonad fully developed. The branching ducts show prominently just 
beneath the surface. Prominent ducts are usually indicative of femaleness, but this 
oyster was a male. 


3.—Oyster with fully developed gonad in which the ducts are not distinguishable at 
the surface. 
Plate xi. 


4.—An oyster after a partial spawning. The dark area of the gonad has been 
drained of spawn. 


5.—An oyster after a heavy spawning. The bulk of the gonad has been drained 
of spawn. 


Plate xii. i 
6.—Sections of an oyster with well developed gonad, showing its relationship to the 


other organs. The gonad is seen as a whitish mass enclosing the dark digestive diver- 
ticula which themselves surround for the most part the intestinal canal. 
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7.—Photomicrograph of a section of a young oyster, near the anterior extremity 
of the oesophagus, in which the gonad, in the form of a series of ducts, Is beginning to 
develop. The ducts of the gonad surround the digestive diverticula above and on the 
sides, but they do not penetrate the vesicular connective tissue between the oesophagus 
and the digestive diverticula. Bouin: Ehrlich's haematoxylin and eosin. x 40. dd., 
digestive diverticula; d.g., ducts of the gonad lined externally with ciliated epithelium 
and internally with developing germ cells; e., surface epithelium; m.c., mantle cavity; 
oe., oesophagus; v.t., vesicular connective tissue. 


Plate xiii. 

8.—The opening of the urino-genital cleft on the right side. Bouin: Ehrlich’s 
haematoxylin and eosin. x 80. 

9.—The opening of the urino-genital cleft on the left side. x 80. b.n., branehial 
nerve; b.s., blood space; ec., canal joining mid-gut and style sac; d.g., ducts of the gonad; 
hr.g.. hemibranch of right gill; i, returning loop of intestine; k.f., kidney follicles; 
lv.n., left visceral nerve; r.v.n., right visceral nerve; m.g., mid-gut; r.m., right mantie; 
s.b.c., supra-branchial chamber; s.s., style sac; w.c., urinary chamber; w.g.c., urino- 
genital cleft; v.t., vesicular connective tissue of oral process. 


Plate xiv. 

10.—Section through a genital duct of a developing testis. c.e., ciliated epithelium 
of duct; s.c., secretory cells in ciliated epithelium; s., spermatozoa; sp.!, primary sper- 
matocytes; sp.2, secondary spermatocytes; spg., spermatogonia; v.t., normal vesicular 
connective tissue; v.t.8, band of condensed vesicular connective tissue immediately 
external to the genital duct. 

11.—Section through a genital duct of a developing testis. Bles: Enhrlich’s 
haematoxylin and eosin. x 133. c.e., ciliated epithelium of duct; s., spermatozoa: s.c., 
secretory (eosinophilous) cells in ciliated epithelium; sp., spermatocytes; spg.. sperma- 
togonia; v.t., vesicular connective tissue. 


Plate xv. 

12.—Section through follicles of a developing testis. Bles: Ehrlich’s haematoxylin 
and eosin. x 200. s., spermatozoa; sp., spermatocytes on border of follicle; v.t., vesicular 
connective tissue. 

13.—Section through a mature testis in which the genital duets have coalesced and 
the vesicular connective tissue lying between them and the surface epithelium has been 
reduced to a very thin layer. The testis now consists of an enormous number of closely 
packed spermatozoa, the tails of which lie in well-defined lanes. Bouin: Ehrlich’s 
haematoxylin and eosin. x 90. 


Plate xvi. 

14.—Section of a young ovary cut vertical to the surface. Bles: Ehrlich’s haema- 
toxylin and eosin. x 64. d, genital duct lined by ciliated epithelium externally and 
germinal epithelium, from which eggs are developing, internally; d.1, genital duct from 
which a follicle is developing by sinking into the vesicular connective tissue; eggs are 
continuing to develop from the germinal epithelium lining the follicle; e., surface 
epithelium; f., follicles lined by developing eggs; v.t., vesicular connective tissue. 

15.—Section through a young ovary showing a genital duct from which three follicles 
are beginning to sink into the vesicular tissue. Bles; Ehrlich’s haematoxylin and eosin. 
x 120. c.e., ciliated epithelium of duct; d., cross section of genital duct in which the rapid 
development of the eggs is causing them to become attenuated and to extend well into 
the lumen; f., follicles developing from the genital duct and sinking into the vesicular 
tissue; f.., a branch of a follicle in cross section; s.c., secretory cells in the ciliated 
epithelium; v.t., vesicular connective tissue. 


Plate xvii. 

16.—Ovary in an advanced stage of development, showing a duct in cross section. 
Bles: Ehrlich’s haematoxylin and eosin. x 95. c.e., ciliated epithelium of duct; e., 
surface epithelium; f.w., wall of follicle; o., eggs developing from the germinal epithelium 
of the duct; continued proliferation has caused many of the eggs to become greatly 
attenuated; a few have become detached and lie free in the lumen of the duct; 0.1, 
eggs attached to wall of follicle. 

17.—Section of a mature ovary, showing eggs attached to the walls of the follicles. 
Bles: Ehrlich's haematoxylin and eosin. x 250. f.w., walls of follicles; n., nucleus; 
n.1, nucleolus; o., eggs. 
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Plate xviii. 


18.—Live unstained eggs of O. commercialis. The lighter circular area in each is 
the nucleus, and in some, the nucleolus, which appears as a fine, clear spot in the 
nucleus, can be distinguished. x 150. 


19.—Section through genital ducts and follicles of a winter male. The ciliated 
epithelium lining the largest duct externally has been almost completely replaced by 
greatly distended secretory cells which project well into the lumen of the duct. Bles: 
Ehrlich’s haematoxylin and eosin. x 200. s.c., greatly distended secretory cells; v.t., 
normal vesicular connective tissue; v.t.1, condensed vesicular tissue filling the duct and 


the follicle which has developed from it; v.t.2, follicle filled with condensed vesicular 
tissue. 


Plate xix. 

20.—Winter male after complete absorption of unspawned spermatozoa. The 
spermatozoa in the ducts and follicles have been completely replaced by condensed 
vesicular tissue. Carnoy: Ehrlich’s haematoxylin and eosin. x 60. b.s., blood space; 
c.e., Ciliated epithelium lining the ducts; s.c., secretory cells in the ciliated epithelium ;, 
v.t., normal vesicular connective tissue; v.t.1, condensed vesicular tissue filling the lumen 
of the ducts; v.t.4, follicles containing condensed vesicular tissue; v.t.3, condensed 
vesicular tissue external to ducts. 


21.—Winter female in which the unspawned eggs are being absorbed. Bouin: 
Ehrlich’s haematoxylin and erythrosin. x 44. c.e., ciliated epithelium of duct; 0.3, 
degenerating eggs in follicles surrounded by condensed vesicular tissue; s.c., secretory 
cells in ciliated epithelium; v.t.. normal vesicular tissue; v.t.*, portion of a follicle 
entirely filled with condensed vesicular tissue which has replaced the absorbed eggs. 


Plate xx. 
22.—Section of a follicle of a winter female showing unspawned eggs in various 
stages of degeneration. Bouin: Ehrlich’s haematoxylin and eosin. x 335. o., normal 
egg, the absorption of which has not yet begun; o.!, eggs partially absorbed; v.t., normal 
vesicular tissue; wv.t.2, condensed vesicular tissue. 


23.—Winter female after complete absorption of the eggs. The eggs in the ducts 
and follicles have been completely replaced by condensed vesicular tissue. Zenker- 
formol: Iron haematoxylin and eosin. x 70. œe., surface epithelium; s.c., secretory cells 
which have largely replaced the ciliated epithelium of the ducts; v.t., normal vesicular 
tissue; v.t.2, condensed vesicular tissue; v.t.2, area of condensed vesicular tissue frequently 
found scattered throughout the region lying between the genital ducts and the surface 
epithelium in oysters of various stages of development. 


Plate xxi. 


24.—Winter female after complete absorption of the eggs. Zenker-formol: Iron 
haematoxylin and acid fuchsin. x 65. b.s., blood space; c.e., ciliated epithelium of 
duct; e., surface epithelium; s,c., secretory cells in ciliated epithelium; v.t., normal 
vesicular tissue; v.t.1, condensed vesicular tissue filling the lumen of the duct; v.t., 
follicles containing condensed vesicular tissue. i 


25.—Genital duct and portion of a follicle of a winter female after complete absorp- 
tion of the eggs. Zenker-formol: Iron haematoxylin and acid fuchsin. x 190. c.e., 
ciliated epithelium of duct; v.t., normal vesicular tissue; v.t.1, condensed vesicular tissue 
completely filling the lumen of the duct; v.t.*, condensed vesicular tissue of follicle. 


Plate xxii. 


26.—Section of the gonad of a hermaphrodite individual of O. commercialis, contaln- 
ing eggs and sperms in approximately equal amounts. Spermatozoa (showing as dark 
masses) are filling the lumen of the ducts, and the germinal epithelium is engaged in 
egg proliferation. The follicles are filled with spermatozoa and the epithelium lining 
their walls is for the most part giving rise to ova. Bles: Iron haematoxylin and eosin. 
x 60. c.e., ciliated epithelium of genital ducts; d.d., digestive diverticula; e., surface 
epithelium; o., eggs; s., spermatozoa; v.t., normal vesicular connective tissue; v.t.3, 
layer of condensed vesicular tissue external to genital ducts frequently characteristic 
of this region. 

27.—Portion of a section shown in Fig. 26, more highly magnified. x 445. 0o., eggs; 
0.1, developing eggs; n., nucleus; n.1, nucleolus; s., spermatozoa; sp., spermatocytes, 
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1. Oyster (O. commercialis) with spawn oozing from the gonoduct. 

2. Oyster with gonad fully developed. The branching and anastomosing 
ducts show prominently just beneath the surface. 

3. Oyster with fully developed gonad in which the ducts are not distinguish- 
able at the surface. 


